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| NTRODUCTI ON

The purpose of this Task S-4 Advanced Pi pe Technol ogy
Progress Report can be stated as follows:

1. to present the basic objectives and scope
of the task;

2. to describe the nethod of task devel opnent; and
3. toreport on the status of task study areas.

This Progress Report is intended to cover the entire
period fromthe signing of the Subcontract Agreenent between
Bath Iron Wrks Corporation and Newport News Shipbuilding on
May 2, 1975 to April 1, 1976. Every effort was nmade to keep
data contained in this report current to April 1, 1976. Al
data contained in the Task S-4 Advanced Pi pe Technol ogy Pro-
gress Report, dated Novenber 22, 1975, has been conpletely
reviewed, rewitten, updated as necessary, and included in
this Progress Report along with new material which has been
col l ected since Novenber 22, 1975. The suggestions and
comments recorded in the Mnutes to the Advisory Counci
Meeting of Novenber 22, 1975 have al so been incorporated into
this report. It should be noted that the project is tenta-
tively schedul ed for conpletion on Septenber 30, 1976, so
that any further input by contributors should be submtted
no |ater than August 27, 1976.

For the purposes of consistency and continuity of
presentation, the format of this Progress Report is nunerically-ki
to both that of the Progress Report, dated Novenber 22, 1975,
and that of the Newport-News Shipbuilding Proposal to Accom
plish Task S-4 Advanced Pipe Technology for Bath Iron Wrks
Corporation (Novenber.1974). A copy of the Proposal Is
contained in Appendix A See Note bel ow.

Throughout this report, references are made to nunbered
subsections in the Final Report (First Draft) for nore detailed
i nformation concerning the various design, fabrication, and
installation nethods studied. This has been done to elimn
unnecessary duplication of information.



NOTE

One or two sets of subsection or paragraph nunbers
I n parentheses follows each of the subsection or paragraph
nunbers and titles in this report. The first set refers to
witten natter on the sane subject in the Advisory Counci
Progress Report, dated Novenber 22, 1975; the second set
(separated by a semcolon fromthe first set) refers to
witten nmatter on the sane subject in the Newport News Ship-
bui I di ng Proposal to Acconplish Task S-4 Advanced Pipe
Technol ogy for Bath Iron Wrks Corporation, dated November
1974,  An omission of either set indicates that no witten
matter on the same subject is given in the applicable docunent.

This method of nunerical k-eying was adapted so that
the history of any subject could be traced, and so that proper
di sposition could be made of all data collected during the
course-of task devel opnent.



SECTION 1
OBJECTI VE AND SCOPE OF TASK

1.1 OBJECTIVE (1.1; 1.1)

The primary objective of Task S 4 is to identify,
eval uate, and docunent the nost cost-effective state-of-
the-art nethods of designing, fabricating, and installing
comrercial ship piping systens. Documentation of Task S-4
consists of two Progress Reports, a, Final Report, and a
Backup Data Report. The two Progress Reports serve the
pur pose of providing the medium by which task progress is
reported and by which thk project is redirectsd to achieve.
maxi mum results. The Final Report provides overall docu-
mentation of task findings and will be-nmade generally
available to the U S. shipbuilding industry by the Mari-
time Admnistration. The Backup Data Report will provide
useful reference data collected during task. devel opnent
and will be made available to interested parties by the
Maritinme Adm nistration only upon specific request.

1.2 SCOPE (1.2; 1.2)

The entire task is being devel oped within the scope
of existing regulatory body requirenments. However, recom
mendations to change existing requirenents wll be made in
the Final Report if such changes would be necessary to allow
the use of proven cost-effective nethods of producing piping
systens. In cases where further research and devel opnent
woul d be required to “prove” a nethod, recomendations will
be made accordingly. It is not within the scope of Task S-4
to research and devel op new met hods



SECTION 2
METHOD OF TASK DEVELOPMENT

2.1 REVI EW OF EXI STI NG REGULATORY BODY REQUI REMENTS
(2.1, 2.1)

In order to establish the overall limts of investi-
gation at the outset of task devel opment, we conducted an
in-depth review of all existing regulations applicable to
comercial ship piping systenms. In particular, during this
process we attenpted to identify those areas where sone
degree of flexibility was allowed, such as in the selection
of materials for a particular application. Qur objective
was to conduct our studies as closely within the bounds oi
exi sting regul ati ons as possi bl e

During the course of Task S-4 devel opnent repre-
sentatives of U S. shipyards and design agents were asked
to make comments relative to the format and content of
existing regulatory body requirenents. The essence of
these comments, along with those of the Task S-4 project
team are docunented in Appendix B of this report.

2.2 REVI EW OF STATE- OF- THE- ART PI PE TECHNOLOGY (2.2; 2.2)

2.2.1 GENERAL (2.2.1; 2.2)

A review of the state-of-the-art pipe technology is
presently being conducted by the Task S-4 project team This
review includes the follow ng:

Literature Searches

Facility Surveys - Domestic
Shi pyar ds
Desi gn Agents -
Pi ping Fabricators
Pi ping Fabrication Equipnmentk Vendors
Research Facilities

Facility Surveys - Foreign
Shi pyar ds
Pi ping Fabrication Equipmenti Vendors



2.2.2 LI TERATURE SEARCHES (2.2.2; 2.2)

Several literature searches were conducted to coll ect
information related to piping technology. !nformation was
collected fromthe trade periodicals (listed in Appendix C
Section O), various research papers and reports, and
vendors’ data. For convenience, all information collected
was grouped into three categories, Which are described in
the follow ng paragraphs.

CATEGORY | - Category | information describes speci-

fic cost-effective methods related to piping design, fabri-
cation, or installation. Significant publications collected

under this category are listed -in Appendix C, Section C 2.

Al though the scope-of our literature search was

relatively broad (considering the rather limted tinme fram
avail able) we were somewhat disappointed in the
smal | amount of information collected under Category I|. It

I's probable that the scarcity of infornation related to

pi ping technology is due to the preoccupation nost domestic
shi pyards and nmany foreign shipyards have had in-trying to
I nprove the basic hull production process during the past
several years. However, the increasing frequency over the
past two years of articles specifically related to pipin
technol ogy seens to indicate @ trend toward nore researc

in this area.

CATEGORY Il - Category Il information describes
donestic or foreign facilities known to be advanced in piping
technol ogy. Significant publications collected under this
category are listed in Appendix C, Section C. 3.

The information collected under Category Il was used
to identify those facilities around the worl'd which appear
to be making significant progress INn cutting costs In piping
design, fabrication, or installation. This information was
| ess detailed than that. in Category |, but it. did serve to
hel p us establish the scope of our on-site donestic and
foreign facility surveys.

CATEGORY |11 - Category IIl information describes
vendor equi pnent and conponents which represent the present
state-of-the-art. Significant publications collected under

this category are listed in Appendix C, Section C 4.



Much information was collected under Category |11,
from both domestic and foreign sources. The form of
this information ranges from comercial brochures to sanple
sets of draw ngs describing conplete piping design and
fabrication systens.

2.2.3 DOVESTIC FACILITY SURVEYS (2.2.3, 2.2.4, 2-2.6: 2.2)

SH PYARDS - Appendix D lists those major donestic
shi pyards which were selected for the purpose of collecting
detailed information related to Task S-4 developrment. Thi s
sel ection was based both on the Category Il information
collected during our literature search and on personal con-
tacts wth representatives from the various shipyards. W
were very much pleased with the cooperation from all shi
yards contacted in arranging discussion sessions wth
cogni zant personnel and in providing guided tours of their
facilities. The success of Task S-4 depends heavily upon
such cooperation.

The Task S-4 project team nmade on-site surveys of all
thirteen of the shipyards listed in Appendix D. An in-
house survey was conducted to determ ne what nethods are
presently being used at Newport News Shipbuilding to design,
fabricate, and install piping systenms. During all thirteen
surveys an attenpt was nade to identify any methods which
appeared to be particularly cost-effective.

For each shipyard surveyed, including Newport News
Shi pbui I ding, we prepared a sinplified description which
was intended to capture the essence of the overall piping
process at the shipyard. An attenpt was made to update all
descriptions so that they would be current to April 1, 1976.
These descriptions are contained in Appendix D, Sections D.1
through D. 13, and,for convenience, are grouped geographically
into East Coast, Gulf Coast, and West Coast shi pyards.

DESZGN AGENTS - In response to recomendations nade at
the Advisory Council Meeting on Novenber 22, 197S, we con
ducted on-site interviews with representatives of four nmjor
U. S. design agents. Once again, we were well pleased with
the cooperation and hospitality afforded us during these
interviews. Although our primary objective was to secure
information related to piping design, we were also able to
gain sone insight into the nature of relationships am
the design agent, the owner, the shipbuilder, and the
regul atory bodies.



For each of the four design agents surveyed, we pre-
pared a summary of the survey discussion. These sunmaries
are included in Appendix D, Sections D.14 through D. 17.
Comments relative to regulatory body requirenents are al so
i ncluded in Appendix B.

Pl PE FABRI CATORS - On-site surveys of two facilities
specializing in pipe fabrication were also conducted. One
facility (on the East Coast) is utilizing a special patented
hot Dbendi ng process which produces bends of exceptional
quality in large size pipe. Adescription of the basic
proce’ss is provided in Appendix D, Section D.18. Another
facility (on the West Coast) specializes in the fabrication
of cryogenic piping.. A description of the nethods and
equi pnment utilized for this purpose is given in Appendix D
Section D. 19.

PIPING FABRI CATI ON EQUI PMENT VENDCRS -1 n order
determ ne the present and near-future state-of-the-art in
U S. built pipe processing equipnent, the Task S-4 project
t eam conducted on-site surveys of two major vendors in this
field. Descriptions of these surveys are provided in
Appendi x D, Sections D.20 and D. 21.

RESEARCH FACILITIES - An on-site survey of one -
research facility presently involved in advanced piping
technol ogy research was also conducted. A description of
survey findings is given in Appendix D, Section D.22.

2.2.4 FOREIGN FACILITY SURVEYS (2.2.5, 2.2.6: 2.2)

SHI PYARDS - Foreign shipyard surveys have thus far been
limted to that which could be made fromthe Category I1
information collected during our literature searches. However,
we are hopeful that MarAd will approve our proposal to make
on-site surveys of four European shipyards in May or June.
These four shipyards are known to utilize sone of the nost
advanced outfitting nmethods and equi pment in the world.
Background information and rationale for making on-site sur-
veys are contained in our proposal to MarAd; which is included
i n Appendix E, Sections E. 1 through E. 4.

Pl PI NG FABRI CATI ON EQUI PMENT VENDORS - Foreign vendor
surveys have thus far been Iimted to commercial literature
provi ded by the vendors. Four nmjor vendors are narketing
advanced pi pi ng processing equi prent on a worl dw de basi s.



The names of these vendors and a |listing of the types of
systens and equi pnent they are narketing are provided in
Appendi x E, Section E.5. Since some of this equipnent

Is in use at the four foreign shipyards selected for
maki ng on-site surveys, the Task S-4 project team hopes
to provide detailed descriptions of operation of this

equi pnent in the Final Report. In the absence of first-
hand observation of equi pment operation, however, a
description of systens and equipment will be witten from
avail able literature and included in the Final Report.



2.3 PREPARATI ON OF METHOD DESCRI PTI ONS AND DATA (2.3; 2.3)

2.3.1 | DENTIFI CATION OF POTENTIAL COST- EFFECTI VE METHODS
(2.3.1; 2.3)

During the course of task devel opnent we identified
several nethods related to the overall piping
process which appear to be potentially c-t-effective under
specified conditions. It is anticipated that sone form of
cost-analysis will therefore be nade for these methods and
included in the Final Report. Those nethods selected are
noted under the appropriate heading in Section 3 of this
report

2.3.2 PREPARATI ON OF DETAILED MEHTOD DESCRI PTI ONS AND DATA
(2.3.2; 2.3)

Those nethods identified under paragraph 2.3.1 wl|

be studied in detail and all information necessary to
acconplish a realistic cost-analysis will be collected and
organized in standard format. Informatian wll

be included in the Final Report for those nethod: which are
shown by our cost-analysis to be cost-effective.

2.4 COST- EVALUATI ON OF METHODS (2.4; 2.4)

After all information on specific nmethods has been

collected, a cost-evaluation will be petiormed. This cost-
evaluation wll be made using a well-defined overall piping
process as a reference baseline.

2.5 | DENTI FI CATI ON OF AREAS FOR FUTURE STUDY (2.5; 2.5)

During the course of task devel opment we identified
areas of potential cost reduction which would require
extensive research and devel opnent to investigate thoroughly

and therefore were outside the scope of mask S-4. Specific
recomendations as to the nature of any future studies are

i ncl uded under the appropriate heading in Section 3 of this
report

2.6 ADVI SORY COUNCI L PRESENTATIONS (2-6: 2.6)

The suggestions and comments reads at the Advisory
Counci| Meeting on Novenber 22, 1975 were reviewed and the
project was re-directed as necessary to achieve maxi mum
results. It is anticipated that suggestions and conments

made at this neeting will help the Task S-4 project teamto
finalize the formand content of the task end products.

-9 -



2.7 PREPARATI ON OF END PRODUCTS (2.7: 2.7)

2.7.1 BACKUP DATA REPORT

A backup data report will be prepared which wll

contain useful reference data on itens covered in the
Fi nal Report.

2.7.2 FINAL REPORT (2.7.2; 2.7)

A Final Report will be prepared which will present
indings of the overall task effort..

~-10-



SECTI ON 3
TASK STUDY AREAS

3.1 | NTRODUCTI ON  (3-1: 3.1)

This section briefly describes the status of each of
the task study areas presented at the Advisory Council
Meeting on Novenber 22, 1975. Specific references are nade
to nunbered paragraphs in the Final Report (First Draft) for
the task findings in these areas. This referencing technique
was adopted to elimnate unnecessary duplication of task

findings and to focus attention on the proposed fornmat and.
content of the Final Report.

3-.2 PROPOSED DESIGN STUDY AREAS (3-2; 3.2

3.2..1  NON-COMPUTERI ZED “QUI CK*" PI PE CALCULATI ONS FOR- | N- HOUS
USE (3.2.1; 3.2.1)

St at us: Some data relative to+he format and

docunent ati on pipe calculations was collected-in this
ar ea.

Ref er ence: See Subsection 2.5 - PIPI NG SYSTEM
CALCULATIONS in the Final Report (First Draft).

3.2.2 COWPUTERI ZED PI PE CALCULATIONS (3.2.2; 3.2.2)

Status: Devel opnent of this itemin detail was con-
sidered outside the funding limtations of Task S-4. However,
NSRDC is actively involved in the devel opnment of integrated
and stand-al one conputer approaches to piping design for both
Navy and’ commercial applications. The scope of their work
covers the entire piping design process. Portions of their
work are included in the Final Report (First Draft).

Reference: See Subsection 2.5 - PIPING SYSTEM
CALCULATIONS in the Final Report (First Draft).

-11-



3.2.3. COWUTERI ZED PI PE DETAILING (3.2.3; 3.2.3)

Status: The Maritime Adm nistration has not yet
funded Newport News Shipbuilding to conplete the research and
devel opnent phase of a conputerized pipe detailing system
However, the results of the feasibility study are sunmarized
in the Final Report (First Draft). Also included is a sumary
of the Electric Boat Match Marking System

Reference: :See Subsection 2.11 - PIPING SYSTEM DETAI L.
DRAWNGS in the Final Report (First Draft)

3.2.4 PI PE SUBASS-LIES (3.2:4;, 3.2.4)

This itemis covered under paragraph 3.4.4

3.2.5  DRAFTING TECHNI QU ES (3.2.5; 3.2.5)

Status @ Much of the project effort to date in the
design area has been directed at reducing the tine required
to manual |y produce piping conposite and arrangenent draw ngs.
Several novel nethods have been observed and docunented which
appear to be cost-effective under given conditions. These
met hods include the use of Autokon to print out structural
backgrounds for conposite and arrangement drawi ngs, the use of
conposite worksheets, the use of sepia reproducible of com
posites to produce individual arrangenent draw ngs, and the use
of isometric arrangement drawings. A description of these is
provided in the Final Report. |t js anticipated that a detailed
anal ysis and cost-evaluation be performed on these nethods and

the results al so docunented in the Final Report (First Draft).

Rgference: See Subsection 2.8 - | NTERFERENCE CONTROL
and Subsection .2.9 - PIPING SYSTEM ARRANGEMENT DRAWNGS in the

Final Report (First Draft)
3.2.6 PIPE . MATERIALS (3.2.6; 3.2.6)

Status,: This itemwas deleted in accordance with the
recommendations nmade at the Advisory Council Meeting of
Novenber 22, 1975. However, some data was collected in this
area and is included in the Finai Report (First Draft).

Ref er ence: See Subsection 2.7. MATERI AL
PROCUREMENT AND CONTROL in the Final Report (First Draft;

=1l2-



3.2.7 REDUCTI ON OF NUMBER OF PIPE SIZES (3.2.7; 3.2.7)

Status: Most shipyards surveyed to date have
reduced the nunber of pipe sizes used to sone extent. Qur
task studies indicate that there are cost savings to be
realized in this area. A summary of findings is given in
the Final Report (First Draft),

Ref er ence: See Subsection 2.7 - MATERI AL
PROCUREMENT AND CONTROL in the Final Report (First Draft).



3.2.8 PI PE BENDS (3.2.8; 3.2.8)

status : O all the shipyards surveyed to date, only
two use 2D bends extensively. This item appears to offer

significant savings over the use of fittings. A summary of
findings in this area is included in the Final Report (First

Draft).

Ref er ence: See Subsection 3.5 - PIPE BENDING in the
Final Report (First Draft).

3.2.9 SPECI AL PIPE FITTINGS (3.2.9; 3.2.9)
This itemis covered under paragraph 3.3.5.

3.2.10 NEAT PIPE DETAILS (3.2.10; not in Proposal)

Status:. Discussions with design and fabrication

personnel fromthe various shiyards surveyed todate indicate

a wi de range of practice regarding the use of tenplate pipe
details, froma low of 10 percent in one shipyard to a high
of 30 percent in another. Since the degree of success enjoyed
wth a neat cut has a significant inpact on installation costs,

a study was made to determine the various factors invol ved.

The results of this study are included in the Final Report.

Ref er ence: See Subsection 2.11 - PIPING SYSTEM DETAI L
DRAWNGS in the Final Report (First Draft).

3.2.11  PROBLEM AREAS | DENTI FI ED (3.2.11; not in Proposal)

Prior to the Advisory Council Meeting on Novenber 22,

1975, a number of significant problem areas were identified
relative to piping design. These were discussed at the neeting

and recommendations were made by the Advisory Council. Based
on these recomendations, new task study areas were defined and
data was collected as noted bel ow '

U. S. COAST GUARD

Status: Several shipyards have indicated that del ays
in obtaining plan approvals have caused corresponding delays in
their construction schedules. Also noted was the present fornat
of rules. which is difficult to follow Representatives of
several shipyards and design agents were asked to make conments
relative to the whol e subject of regulatory body problens. A
summary of these comments was nade and included in Appendix B of
this report and also in the Final RePort. (First Draft)

Ref er ence: See Subsection 2.4 - REGJLATORY BODY
REQUI REMENTS in the Final Report (First Draft)

-14-



DESI GN AGENTS

Status: Two shipyards noted the difficulty of building
a ship to drawi ngs prepared by design agents. Lack of comm
unication with the design agent and unfamliarity with the early
stages of design were cited as the reasons.

Four design agents were surveyed. Survey docunentation
is provided in Appendix D, Section D. 14 through D.17, and a
summary of findings is included in the Final Report (First Draft)

Ref er ence: See Subsection 2.3 - DESIGN AGENTS in the
Final Report (First Draft).

MATERI AL AVAI LABI LI TY AND DOCUMENTATI ON

Status: Al shipyards surveyed to date expressed con:
tern over the growing problemof delivery delays of vendor-
supplied items. Another problemi-s lack of a sinple and con-
sistent means of docunenting piping conponents to allow for
variations in design of a conponent supplied by several vendors.
Aso noted at two West Coast shipyards was the extrenely poor
quality of valves received by |ocal suppliers.

A general study of this area was made and a sunmary
of findings was included in the Final Report (First Draft).

Ref er ence: See Subsection 2.-7 - MATER AL
PROCUREMENT AND CONTROL in the Final Report (First Draft)

3.3 Pl PE_FABRI CATI ON STUDY AREAS (3.3; 3.3)

3.3.1 PIPE SHOP LAYOUT AND THE PIPI NG FABRI CATI ON PROCESS
(3.3.1; 3.3.1)

Status: Although the fabrication of pipe in an
efficient manner depends to some extent on shop |ayout,
existing shop facilities at nost shipyards surveyed to date
are of necessity organized to suit local renditions rather
than optimal flow paths. In nost cases it would be difficult
and expensive to reorganize to suit an optimal layout. In
general, flow paths were observed to be straight-line and no
significant areas of inprovenent seemed feasible which would be
economcally justifiable. It should be noted, however., that the
addition of automated or sem -automated eaui pnent for material
handl i ng, pipe cut-off, flange welding, etc. would require
extensive rearrangenent of equipnment in all of the shops vi
to date.

Based on. recommendations made at the Advisory Counci



| ayouts would not be as useful as a piping fabrication process
chart. Such a chart was therefore prepared and included in the
Final Report (First Draft].

Reference: See Subsection 3.2 - PIPING FABRI CATI ON
PROCESS in the Final Report (First Draft).

. 3.3.2 PIPEBENDING (3.3.2; 3.3.2)

Status: Qur original proposal addressed only
“ AUTOMATI C PI PE BENDI NG'. However, our studies touched on all
aspects of “PIPE BENDING'. No donestic shipyard surveyed was

found to have equi pment for automatic pipe bending. wport
News Shipbuilding is a pioneer in the use of <conputerized p

bendi ng data and 2D booster bending machines, but does not have
the capability of automatic bending. Many foreign Shipyarc
are known to be using such-equi pnent.

The Task S-4 project team collected nuch data on
various pipe bending techniques and available equipment. A
summary of findings is included in the Final Report (First
Draft) .

Ref er ence: See subsection 3.5 - PIPE BENDING i n the
Final Report (First Draft).

3.3.3 PIPE VELDING (3.3.3; 3.3.3)

Status: Qur original proposal addressed only “AUTO
MATI C PI PE VELDING'. However, our studies touched on-all
aspects of "PIPE WELDING'. Asummary of findings is included
in the Final Report (First Draft).

Ref erence:  See Subsection 3.6 - PIPE JONNG in the
Final Report (First Draft).

3.3.4 PIPE CUTTING (3.3;4; not in Proposal)

Status: - several shipyards are using plasma burnir
equi pnent to cut saddl e openings, mters, and branch open~ngs
in stainless steel and non-ferrous pipe. |n particular, the
process is used on LNG cargo piping. Oher techniques for _
pi pe cutting were al so observed. summary of findings is i
eluded in the Final Report (FirstDraftj.

Ref er ence: See Subsection 3.4 PIPE CUTTI NG AND
END PREPARATION in the Final Report First Draft)
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3.3.5 SPECI AL PI PE FI TTINGS AND JO NI NG TECHNI QUES
(3.3.5; not in Proposal)

This area includes items originally included under
paragraph 3.2.9 and other itens encountered which relate to
the use of special techniques to elininate fittings. The nore
significant findings are:

SWACED PI PE CONNECTI ONS

Status: Two shipyards surveyed are using swaged
expanded pipe joints in lieu of couplings for copper and
copper-ni ckel piping. The advantages of this technique are
the reduction of the nunber of fittir'\\%s required to join pipe,
and the elimnation of pipe joints. xed opinions were
expressed concerning the overall advantages of this technique.

Opposi tion was based upon doubts concerning” the ability to
consistently form good swaged ends. A summary of findings is
included in the Final Report (First Draft).

Reference: See Subsection 3.6 PIPE JONNG in the
Final Report (First Draft).

EXTRUDED BOSSES

Status: Several shipyards have equi pment for
extrudi ng bosses in copper and copper-nickel pipe. This
process is relatively sinple to performand provides a satis-
factory boss. Asumary of findings is included in the
Final Report (First Draft).

Ref er ence: See Subsection 3.6 - PIPE JONNG in the
Final Report (First Draft).

STEEL PI PE FLANGES

Status: One shipyard is using a process which is
saving material costs. The process enables themto use steel
inlieu of bronze flanges on copper-nickel pipe. The steel
flange is machined to provide a recess on the inner face and
the recess is then overlayed using a nonel electrode to provide
a suitable control surface at the flange face. Another ship-

yard has used this techniaue successfully for sone Navy
applicatlons. A summary of findings is included in the Fina
Report (First Draft).

Ref er ence: See Subsection 3.6 - PIPE JONING in the
Final Report (First Draft).
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3.3.6 PIPE CLEANING (3.3.6; not in Proposal)

Status: Various techniques were observed for cleaning

pi pe after bending/fabrication. A sunmary of findings is
included in the Final Report (First Draft).

Ref er ence: See Subsection 3.7 - PIPE CLEANNNG in the
Final Report (First Draft).

3.3.7 M SCELLANEQUS STUDY AREAS (3.3.7;,. not in Proposal)
GASKET FABRI CATI ON

Status: Several shipyards-nake their own gaskets
(other than high-pressure and flexitalic gaskets ). Two ship-
yards have very inpressive shop set-ups for: formng and
storing. gaskets. Gaskets are punched fromdie-s on a hydraulic
press. The quality is good and the cost mniml since gaskets
are made by regul ar pipe shop workers during slack periods.
A sunmmary of findings is included in the Final Report (First
Draft).

Ref er ence: See Subsection 3.8 - ALLIED PROCESSES in
the Final Report (First Draft).

GAGE TUBI NG

status : The use of plastic-coated tubing for gage.
t ubi ng was observed on tanker work. This tubing can be
coated singularly or in bundles of up to 24 tubes depending
upon the size required. This tubing is sold in coils and
the plastic coating is sufficiently strong to stand nornal
shipyard abuse. Asumary of findings is included in the
Final Report (First Draft).

Ref er ence: See Subsection 2.7 - MATERI AL
PROCUREMENT AND CONTROL in the Final Report (First Draft).

3.3.8 PROBLEM AREAS | DENTI FI ED

Prior-to the Advisory Council Meeting on Novenber 22,
1975 a nunber of significant problemareas were identified
relative to pipe fabrication. These were discussed at t
meeting and reconmendati ons were made by the Advisory Council.
Based on these recommendations, new task-study areas wel
defined and data was collected as noted bel ow.
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GALVANI ZED PI PE

Status: The use of gal vanized pipe is a problem area
comon to all shipyards surveyed. Alternatives presently
avai l abl e are discussed in the Final Report (First Draft).

Reference: See Subsection 2.7 - MATERI AL
PROCUREMENT AND CONTRCL in the Final Report (First Draft).

Pl PE END PREPARATI ON

Status:  An inproved method of end preparation is
needed. Mbst shipyards are hand burning and grinding bevels.
Anot her process observed was machine burning. One shipyard
has ordered an H&M pipe lathe. Observations in various
pi pe shops indicate a need for economcal. equipnment to replace.
hand burning and grinding of bevels. Present nethods are d
cussed in the Final Report (First Draft).

Ref erence: See Subsection 3.4 - PIPE CUTTING AND
PREPARATION in the Final Report (First Draft).

3.4 Pl PE | NSTALLATI ON STUDY AREAS (3.4; 3.4)

3.4.1 MATERI ALS HANDLING (3.4.-1; 3.4.1)

Status:  Most shipyards surveyed use conventional
pi pe skids and pallets with shipway cranes. One shipyard is
successfully using a special cradle pallet of their own design.
One shipyard surveyed is experiencing problens on LNG ships
wi th heavy pipe handling in the overhead of |arge nachinery
spaces. A summary of findings is included in the Final Report
(First Draft).

Ref erence: See Subsection 4.3 - MATERI ALS HANDLI NG
AND STORAGE in the Final Report (First Draft).

.3.4.2 PIPE HANG NG TECHNIQUES (3.4.2; 3.4.2)
Status: various types of hangers were observed in
use at the shipyards surveyed.to date but no significant
problems were revealed. A summary of techniques and hanger
types is included in the Final Report (First Draft).

Ref erence: See Subsection 4.4-- PIPE HANGNG in
the Final Report (First Draft).
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3.4.3 PI PE ALI GNMENT TECHNI QUES (3.4.3; 3.4.3)

Status: A general discussion relative to shipboard
pipe alignnent is provided in the Final Report (First Draft)

Ref er ence: See Subsection 4.5 - PIPE ALI GNVENT
in the Final Report (First Draft).

3.4.4 MODULAR SUBASSEMBLI ES (3.4.4; not in Proposal)

Status: Al shipyards surveyed are attenpting to
performas much work as possible in the shop rather than on
the ship. This is being acconplished in a variety of ways such
as joint design/shop consultations, sketching desirable nodul ar

subassenblies fromthe first conpleted ship of a class, and
reviews of detailed drawings, scale nodels, and nockups. The

nmost i npressive exanple in this area observed to date was a
pre-nmounted punp room assenbly for an I NG Further. exanples
of pre-nmounted subassenblies were observed during the task
effort. Definitions, sketches, and descriptions are included in

the Final Report (First Draft).

Reference: See Subsection 3.9 - PIPE SUBASSEMBLIES S in
the Final Reprt (First Draft).

3.4.5 PRE- OUTFI TTI NG OF STRUCTURAL SUBASSEMBLI ES (3. 4.5;
not in Proposal)

Status: When shipboard work cannot be acconplished in
the shop the next best alternative is to pre-outfit structura
subassenblies prior to erection. This is being acconplished in
all shipyards surveyed to date and apparently to the greatest
extent possible. One shipyard is presently evaluating the
possibility of pre-outfitting under-deck piping in the nachinery
spaces of an ING This is nost desirable due to the size and
hei ght of these ships and the volune of large pipe in the
overhead. Definitions, sketches, and descriptions are included
in the Final Report (First Draft).

Ref er ence: See Subsection 3.9 - PIPE SUBASSEBLI ES
in the Final Report (First Draft),

3.4.6 PROBLEM AREAS | DENTIFIED (3.4.6;, not in Proposal)

Prior to the Advisory Council Meeting on Novenber 22,
1975, one significant problemrelative to pipe installation,
described below, was identified. This was discussed at the

nmeeting and recommendations were made. Based on these
-20-



recomrendations, a new task study area was defined and data
was col | ected as noted bel ow.

SHI PBOARD VELDI NG OF LNG PI PI NG

- Status: Several nethods of weld preparation of ING
cargo piping are presently used. Consumable inserts are used
but require considerable tinme and effort to purge. Backing
rings have been used but are not recommended in a recent
article of the Wlding Journal. Hand TIG welding (after tack
wel ding) using a purge is being done by the French. A gener al
di scussion of various techniques is included in the Final

Report (First Draft).

Reference:  See Subscription 4“.6 : PIPE" JONING in the
Fi nal Report (First Draft)
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Section 1

OBJECTI VE AND SCOPE OF TASK

1.1 OBJECTIVE

The overall objective of Newport News Shipbuilding and Dry

Dock Conpany in pursuing Task S-4 (Advanced Pipe Technol ogy)

wll be to prepare an end-product software package wnich wll
provi de conprehensive, standardized, and cost-effective nethods
for designing, fabricating, and -in.Stalling comercial ship
piping systems. Reduction of engineering calculation and draft-
I ng manhours by the use of standardization tables and existing
conputer programs, and the reduction of fabrication and instial-
lation tine by the use of advanced techniques wll-be nmgjor-
areas of study. In ’addition, the-study will be-directed to
define areas where further technical innovation could signif
cantly reduce the installed-cost of piping systes

1.2 SCOPE

The entire task will be devel oped within the scope of existing
regul atory body requirenments. The end-product of task devel op-
ment wll be a software package directly usable by commercia
ship-builders. This package will consist of a Final Report, a
Design Manual, and a supplenentary Fabrication and Installaticn
Manual . The Final Report will present, in both qualitative and
quantitative form the overall results of task devel opnent, and
w |l make reference to the Design Manual and the Fabrication

and Installation Manual for detailed descriptions of nethods.
The Design Manual will contain all information on those nethods
directly usable by engineering and design personnel, as required
by the Task Specification. The supplenmentary Fabrication and
Instal | ati on Manual - an anticipated by-product of task devel op-
ment - will contain nethods outside the scope of the Design
Manual but directly usable by fabrication and installation per-
sonnel. The intent of this approach is to utilize to the fullest
extent the findings of the task.



Section 2
METHOD OF TASK DEVELOPMENT

2.1 REVIEW OF EXI STI NG REGULATORY BCDY REQUI REMENTS

I n order to establish the overall limts of investigation

at the outset of task devel opment, Newport News Shipbuil ding
proposes to conduct an in-depth review of all existing regul a-
tions applicable to commercial ship piping systems. A s g n
integral part of this review, those areas where engineering

and design tine could be significantly reduced by use of
standard data reference tables and avail abl e conputer prograns
or where fabrication and installation tinme could be reduced by
use of advanced techniques will be noted for further evaluation

Since the regulatory body requirenents-affecting this task n

change, some neans of updating the end-product software package

is vital. This problemw |l also be studied and recomrendati ons
w || be nmade.

2.2 REVIEW OF STATE-OF-THE- ART PI PE TECHNOLOGY

A review of the domestic and foreign state-of-the-art pipe
technology will be nmade with the primary objective of identify-
ing for further study cost-effective methods of desiging,
fabricating, and installing comercial ship piping systens.
Particul ar areas 05 enphasis which includepjpe calculations

(stress and pressure 10ss), pjpe schening (interference and

hole control), pipe bending (sem -automatic and automatic),

pipe joining (sem-automatic and automatic wel ding, slip-flanges
and couplings), and pipe hanging. Also, the problens of materia
availability, ordering, and control along with the related
problens of nmaterial substitution will be studied.

This review will be conducted via |iterature searches, i n- house
and vendor conferences, and field trips. |t js anticipated that
shipyards in the United States, “Western Europe, ggy East, and
Brazil will be visited. The results of this review will be
docunented into a standard format for further eval uation. Thi
format will include a description of each prom sing nethod an
a source listing of software and hardware required to inplenent
each nethod.



2.3

2.5

PREPARATI ON OF METHOD DESCRI PTI ONS AND SUPPORTI NG DATA

The information collected in the reviews of existing yeqgulatory
body requirenments and state-of-the-art pipe technol ogy %II be
evaluated for areas of potential immprovenent and re-grouped as
necessary into well-defined subject areas. |t js antijcipated
that this process will integrate information on both the soft-
ware and the hardware aspects of specific subject areas and

wll lead to the identification of potentially cost-effective

met hods of piping system design, fabrication, and installation
met hods for further evaluation. This process will also encourage
t he devel opnent of innovative approaches to producing piping
systens.

Once prom sing nethods have been sel ected, any additional data
necessary to make a conprehensive cost analysis w11 be collectec
or developed. Method descriptions and supporting data will then
be prepared in standard format in such-a-manner that a realisti
cost analysis based on quantifiable data can be nade. Data for
cost analysis will be input on a matrix which will cover all
aspects of inplementing a particul ar nethod.

COST EVALUATI ON OF METHODS

Cost evaluation will include both the software and hardwar e.
aspects of inplenenting a given nethod. The evaluation of a
given nmethod will include conparisons wth existing methods.

The output of this process will be the. conpletion of the matrix
devel oped during the preparation of method descriptions and
supporting data. In this nmanner the cost effectivess of
simlar methods can be directly conpared.

On the basis of the cost evacuation, the relative cost-effective-
ness of all methods will be analyzed to determ ne those which

shoul d be recommended for adoption. The results of this analysis
will be included in the Final Report.

| DENTI FI CATI ON OF AREAS FOR FUTURE STUDY

During the course of task development, it is anticipated that
ar

S I C t
sonme cost-effective itens wll be identified which e outside
e

|
the scope of the task. A description of these items. and appro-
priate recommendations for future study will be included in the

Final Report.
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2.6 ADVI SORY COUNCI L PRESENTATI ONS

Two advisory council presentations, as required by the Task

Specification, will be given. The response to these. presenta-
tions will be docunmented for |ater reference in re-directing

the task devel opnment as necessary.
2. 7 PREPARATI ON OF END PRODUCTS

The information collected under task devel opnent will be
organi zed into the three end products of this task - the Fina

Report, the Design Manual, and the Fabrication and Installation
Manual . Scope and basic content of these docunents will be as
defined under 1.2-SCOPE above.

Section 3
PROPOSED TASK STUDY AREAS
3.1 | NTRODUCTI ON

This section briefly describes several proposed task study areas.
The followng listings are by no neans intended to be all-inclusi
they are intended only to be a representative sanpling of the rar

prom sing cost-effective areas. k45 convenience. thev have. been
divided into the three basic study areas (ﬁ esli gn, qa%rlcation.

and installation.

3.2 PROPOSED DESI GN STUDY AREAS

3.2.1 EON-COWPUTERI ZED "QUI CK" Pl PE CALCULATI ONS

The preparation of a convenient reference source, for "rule-of-
thumb" and other "quick" nethods of preparing pipe cal cul ations
I's proposed. Such nmethods are inval uable in-cases where, conputer
use is not warranted or desirable. Extension of such methods to
progranmmabl e desk cal cul ator techniques wll also be investigated.



3.

3.2.3

2.4

3.2.5

*OMPUTERIZED PIPE CALCULATIONS .

A study is proposed to determne the cost-effectiveness of
integrating available conputer prograns and other software into
a standard program which could conplete all required pipe cal cu-
lations fromdata on a single input form prepared by the engineer.

COMPUTERI ZED PI PE DETAI LI NG

MARAD Contract 4-37-097 funded Newport News Shipbuilding to
devel op a software package for conputerized pipe detailing.
This package will be available to MARAD in approximtely 18

months and will-probably be inplenmented at Newport News Ship-

building within 18 - 24 nmonths. A feasibility study ont he
possi bl e extensi.an of this programto print out detail: of piping
subassenblies is proposed as part of I|ike--devel opment of Task S-4

Pl PE _SUBASSEMBLI ES

A study of the design, fabircation, and installation of pipe
subassemblies is proposed. Inpact on storage and handling method:
w |l be carefully eval uated.

DRAFTI NG TECHNI QUES

A study of present drafting techniques is proposed wth the
objective of sinplifying and standardizing to the fullest extent
possible all drawi ngs required for piping system production.

PI PE MATERI ALS

An investigation of the use of non-ferrous or chrone-nanganetse
steel in lieu of carbon steel nmaterials is proposed. The problen
of material availability and material substitution will be includ
I mpact on fabrication and installation will be studied in detail
and life-cycle studies nade.

For example, the paper "Shipyard Piping Systems - Cost and
Reliability”, by Tuthill and Fielding of International N cke
Company, indicates. savings with the use of copper-nickel pipe
materials. Asone area of study, the findings of this paper wl
be studied and a determnaticn will b@de as to-the cost-effec-
tiveness of using copper-nickel versus carbon steel-piping.
Current problens associated with the availability of zinc-coating
facilities will be considered.



3.

3.

3.

3.

2

. 2.

2.

.3

3.

3.

7

8

1

3

REDUCDTI ON OF NUMBER OF PI PE SI ZES

Many pipe sizes can possibly be elimnated thus sinplifying

the design process and reducing the nunber of different fitting
sizes to be handl ed during the fabrication and installation
process. A study to determ ne the nost cost-effective conbina-

tions is proposed. The end-product of this study would be a
decision matrix, the parametex of which could be nodified to

reflect existing market conditions.

Pl PE _BENDS

A study of the nost effective use of short-radius bends in lieu
of elbows is proposed.

SPECI AL _PI PE _FI TTI NGS

An investigation of the cost--effectiveness of rotating Elanges,
slip couplings, flexible pipe joints, and constant-flow drain
orifice devices is proposed. The constant-flow drain- orifice
device, for exanple, is now being used on Navy vessels to

repl ace conventional steamtraps. For a given application

the savings in fabrication and installation costs al one appear

to be substantial.

PROPOSED PI PE FABRI CATI ON STUDY AREAS

SHOP LAYQOUT

A study of existing pipe fabrication shop layouts is proposed,
with the overall objective of inproving work flow patterns and

materials handling. Arrangernent of shops for construction of
pi pe subassenblies and assenbly-line techniques will be con-

si der ed.

AUTOVATI C Pl PE  BENDI NG

Research of state-of-the-art automated pipe bending is proposed.
Interface with conputerized pipe detailing will be considered.

AUTOVATI C VELDI NG

Research of state-of-the-art automatic welding is proposed.
Both fixed and portable machines will be studied.



3.4

3.4.1

3.4.3

PROPOSED PI PE | NSTALLATI ON STUDY AREAS

MATERIALS HANDLING

A general survey of material handling problens is proposed.

Pl PE HANG NG _TECHNI QUES

A study of pipe hanging problens is proposed. Particular atten-
tion wll be given to standardized pipe hangers.

Pl PE ALl GNVENT TECNI QUES

Probl ems associated with the proper orientation and alignnent
of fittings and pipe sections during shop fabrication will be
investigated. Anong the nethcds to be analyzed will be the

mat ch- mar ki ng of pi pe, conponcuxts along the lines of the system

currently under devel opnment at Electric Boat. - nethods o deter-
mning the exact relative orientation of two ends of installed
pipe will also be studied along wit-n the probl ens associ at ed

with installing the pipe subassenblies described in paragraph
3.2.4.



Section 4
BREAKDOMN OF TASK S-4 LEVEL OF EMPHASI S

The followng is the anticipated breakdown of the Task S-4
effort. This breakdown is by percentages of total time spent
for each of the task devel opment areas described in Section 2.

Level
of Enphasis
TASK DEVELOPMENT AREA (Percent)
REVIEW OF EXI STING REGULATORY BODY REQUI REMENTS 3 %
REVI EW OF STATE- OF- THE- ART Pl PE TECHNOLOGY 3 5 %
PREPARATI ON OF CANDI DATE ALTERNATI VES 12 %
COST EVALUATI ON OF CANDI DATE ALTERNATI VES 20%
| DENTI FI CATI ON OF AREAS FOR FUTURE STUDY 6%

ADVI SORY COUNCI L PRESENTATI ONS (1 NcLUDI NG PREPARATION) 4%
PREPARATI ON OF END PRODUCTS 20%

TOTAL 160%



ADVANCED PI PE TECHNOLOGY

TASK S-4

PROQIECT MANAGER

Joe D. Snyder, Jr.

EDUCATI ON Virginia Polytechnic Institute, B. S. Mechanica
Engi neering, 1939

PROFESSI ONAL  Newport News Shi pbuilding and Dry Dock Conpany

POSI TI ONS -Maj or Assignnents included:
1966 - Present Engi neeri ng Section Manager.
Engi neering. Techni cal Depart nent
1952- 1966 Engi neering Supervisor
Engi neering Techni cal epartnent
1939 - 1952 Techni cal Draftsman

Engi neering Techni cal Departnent

EXPERI ENCE Engi eeri ng Managenent - Technical and supervisory
responsibility for the prelimnary and detail ed
engi neering design of machinery systens on nerchant
and naval vessels. Duties include supervision of
prof essi onal engi neering personnel working in piping
system functional design and anal ysis, steam plent
performance cal cul ations, the interpretation of ships
specifications, the technical review of purchase orders
of mmjor conponents, and the preparation of ships
instruction books. Responsibilities also include the
managenent of related devel opnental prograns, such as
the recently conpleted qualification of 2D pipe bendinc
for naval applications.

Machi nery Engineering - Perform engineering anal yses
for steam power plant cycles, heat bal ance studies,

pi pe stresses and pressure drops, and ship power plant
components performance. QO her duties included active

participation in ship testing and dock and sea trials.

AFFI LI ATIONS  Associate menner, Society of Naval Architects and
Mari ne Engi neers ’ -
Refrigeration Advisory Conmttee - American Zureau
of Shi ppi ng
Vember SNAVE M15 (Heat  Bal ance)  Pane
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EDUCATI ON

ADVANCED PI2?E TECHIIOLOGY

TASK S-4

PROJECT ENGINZER

Lamar E. WIIlians, Jr.

Aad Domnion University, 12 hours graduate study,
Engi neeri ng Mechanics (concentrations in solid
mechani cs and materials behavior) , 1972-1974.

Virginia Polytechnic Institute, B. S.
Engi neering Mechanics ( c oncentr at i
mechanics and materias behavior)

0Id Dominion College Technical InSo_ .., .. . .
Architectural Drafting Technol ogy, 196.2. ( Speci al
recognition for work covering the original design,
construction, and testing of a solar heating syster
including all related piping systems.) .

.~ . s -
¢

Yewport News Shivpuil

o7

ing and Dry Dock Compuny’

1970 - Present Engi neer
Engi neering Techni cal
Desi gner -

wennee DEST gN Depart ment
Juni or Desi gner

Machinery Design Department

1965- 1970
1962- 1965

Encineering - Mr. Williams®

present major engincer
responsibilities include the preparation of »pisiag
system CGesign calculations and the techniczl rovios
-0f piping system diagrums, with particulzr emshausis
on flow réguiremcnis and materiil compatibiliiv.
His other reswonsibnilities include thz pxcparailon
of detziled descriptions and orerating instruction:
iping systers and the prenar.atict

for various shiv pi

of ship walves :techniczl maauals.

Ag a prolzcet enviszer Zor_othe MARED Shin Sosoca
Improvement 2roject, he encaged in resealch to
rdentlI Lad LTvolos innchnulve cost-ol fonioon
altornitlives oI 2ooducing conaercial unln wioliy
systems IZor air conditlioniny, heating wnx



o
Y4
W
12}

veeyee =i = o
L e

-t
o g

selection,

IR TRt o S SR S,
DR

-

e am vy o

ne mecst

o)

N

nods.

-
-

insta

)]

Yy

1 0
LN
.

J O M
wl O
Do
DERT
4

b

a0

P

ok

LS
o] oy
o
C ol 49
f2 Mo
53 o
O e 13
(0] V]
oo
0 o
(U3 T Y
KAt O R
ER I
1 4
Y
I &
)]
(ST s
o O "
v} )
o4 (]
-4
ua N
oo
41 o
MW
U
I o PR )
0 0.q
K aRey)

enginec

As an

znt to

e
Ao

asSsls

ing

-
L

) N
PR o
O el
(V] n..“.
AL v
0 0
w0
0
o
R |
~ O
i Y
.1 u..“
w a
-
o)
L]
m ~
o)
~ £
D]
RS B
s
o M
i3 U
]
Ho4)
(e
12, )
o {3
oo
o)l
o0
[ B
Ua BT
n
)
.._M
o o
oo
ow.— Q-
o Py
L IR
o,
3
Qo
Qe
e Qy
S
0 o

19
-.-
"
P
[
te
1)
1J
[
<)
L5
¢ .
LI
5 O
2 U
o
Leo BN 1) |
o
ry "
R
w3
O .—\.
S8l
REI
@+
HR U
oo
o M
1 U
K
(3
N
e |
" O
IR
D}
Y om
oo
5 O
13
0w 44
=
© o
44U
0 —
>y il
w o



EDUCATI ON

M LI TARY

SERVI CE

PROFESSIONAL

POSITICNS

EXPERIEK

T
d

PROJECT ENGIMEER
Rokert S. Oglesny

Univexrsity of Chicago, M.B.A., 1955

North Carolina State Universitv, B.S.,
Industrial Bngineexing, 1953

ewport News ahz.obu.‘.ldn.nc' -and. Dry Dock Company
Apprent:.ce School, 1843

U.S. Navy, 1950 - 1951 - Ship Repair
Us. Arnmy, 1944 - 1946 - Ship Repai

Hewport News Shi pbuilding and Dry Dock Con
1967 - Prrecess Ehgingsr T
Process Engimeering Departiernt
American Safety Razor Ccxpany’ -
1854 -~ 1957 Seniocr Industxrial Enginesr -
Process and ImSustrial Enginecring
United States Steel - CGary Shweet and Tin
1953 - 1S54 Industrial Ensgineer -
Process and Imdustrial Encginesring
Line Superviswor
Newpcrt News Shipbuilding and. Dry 2eock Company
193¢ - 1944 Shipfitter
Hull Structuxe Inspector
Incineering - Mr, Oglesby's present major -enginecrzing
responsibility is the supervizsion of proc::ss mnd
Industrial engi'zeers. Major .areas of wcrk include
analy_sis and inmprovement of cresign infcrmotion.
manufacture  of structural and outfitting czhip ccu-
ronents, installsztion and tes'ting cof ship camrsaenis,
planning ang scheduling ol vowk, documentatich wil
pro*eseeg. incentive and cost of izbor studies.
capital exmeniiture justifict “ion, fecility dnroim
and plaaning, and imzlemanistion of managemarn™ wailicie
and procrams Hi rimary azizzs of concern e

o l p
ma ch:*:.ncrv ancé piring.



AFFILIA*IO

ﬂS

Rs an industrial engineer for the Saxy Sheet =znd Tin
Division of United& Statec Sicel Corporation, I,
Oglesby was involved with production and incantive’
standards, materiale standaxds, capital expenditures
plant layout, materials khandling, and process improve-
ment. He zlso served as a line supszrvisor in cazasgs
of the annealing/pickling, siitting, shearing, _
polishinrng, and shipping of stainless sheets and ccils,

Working as a process and industri i

American Safsty Razor Company, Mx. Ogleshy waz zon-
cerned with process development a 2 t,
plant layvout, and development of labor standards.

Member - Prcpeller Club
‘Member - Society of Manufacturing Engineers
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APPENDI X B
REVI EW OF EXI STI NG REGULATORY BODY REQUI REMENTS
DOCUMENTATI ON

B.1 GENERAL  COVMENTS

During the course of Task S-4 devel opment, ‘repre-
sentatives of the various U S. shipyards and design agents
were asked to present views relative to regulatory body
requi rements. The essence of these views and those of the
Task S-4 project teamare sunmarized in the follow ng

par agr aphs.

B.1.1  MARAD STANDARD SPECI FI CATI ONS

The Mar Ad Standard Specifications, witten primaril
to project the interests of MarAd and prospective ship owners,
do not by their very nature encourage the witing of Ship
Detai|l Specifications which pronote the use of novel cost-
effective methods by the shipbuilder. This is unfortunate,
since it is very often the shipbuilder that is in the best
position to reduce ship costs wthout sacrificing quality.

Acase in point is the use of 2D pipe bends to
elimnate fittings. It is well within the present state-
of-the-art to produce 2D bends with a quality equal in every
respect to 3D or 5D bends. The Navy has accepted 2D bends
on a qualification test basis; that is, a shipbuilder nust
denonstrate its capabilities of making satisfactory 2p bends
before such bends can be used on a Navy contract. The Navy
recogni zes that substantial savings can be realized through
the use of 2D bends. Yet, nmany owners apparently are
reluctant to allow the use of 2D bends on their ships,
ei ther because they do not recogni ze the savings to be
realized or do not-believe 2D bends are equal in quality to
3D or 5D bends.

There is little incentive for the shipbuilder to
pronote cost-saving ideas under the present system since
the difficulties of convincing the design agent, the owner
and Mar Ad woul d probably cause del ays which would result in
cost overruns in excess of the savings to be realized. what
I's needed is a systemsimlar to the Nayy' s Val ue Engineering
Program where the shipbuilder is provided with a standard,
wel | -defined, procedure to submt cost-effective ideas, and
where any resultant savings are shared between the Navy and
the shipbuilder. This systemworks well, an-d very sub-
stantial cost--reductions have been realized on many Navy
contracts.



Anot her problem cited concerning the MarAd Standard
Specifications is that they are not rewitten from one
revision to the next to reflect the latest state-of-the-art.
Therefore, new nethods sel dom have a chance to enter the
early stages of ship design. This problem was specifically
addressed in aprevious study performed by Newport News
Shi pbui l ding for MarAd (MarAd Contract MA-1-35401, Ship
Desi gn |nprovenent Project). Numerous ship owners, ship
operators, and shipbuilders were consulted and a team of
NNS researchers spent well over a year naklng detail ed
studies of every system on four ship types. Mny of these
studies reflected a need for changes to the MarAd Standard

Speci ficati onsfew were ever incorporated.

One final itemthat should be noted is that the use
of standard commercial itenms for nmarine apﬁlications has been
di scouraged. In some cases this practice has generated
negative results. For exanple, there are standard commerci al
val ves avail abl e which are superior to, and cheaper than,
compar abl e narlne valves for the sanme service. et, because
they are not “marine” valves their use is dlscouraged

B.1.2 U S. COAST GUARD REGULATI ONS

A wide variance in the nature of shipbuilder/
U S. Coast Guard Inspector relationships was noted during
the Task s-4 on-site surveys of donestic shipyards. Sone
shi pbuil ders enjoy a very good relationship with |ocal
I nspectors; others seemto be plagued with problenms and sub-
sequent delays. It appears that the source of many problens
Is a difference of interpretation between the shipbuilder and
the |ocal inspectors.

Most shi pbuil ders surveyed agreed that one source of
the problem may be rooted in the fact that the fornmat of
present U S. Coast CGuard Regulations is alnmost inpossible to
follow, and therefore errors of interpretation can easily be
made. Requirenments covering a single topic are often
scattered throughout the Regul ations and invoked portions of
ANSI B31. 1.

A possible solution to this problemwas studied in
sone detail by the Task S-4 project team |t appears that
reader conprehension could be greatly facilitated if U S.

Coast Guard and invoked portions of ANSI B31.1 were conbined
into a single document. Such a docunment could al so include
under each title heading, applicable ABS rules and MarAd
specifications. In this way, all related information on a
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particul ar subject could be found in one docunment under one
headi ng.  Paragraphs could be nunerically keyed to their
original source (US. Coast Guard, ANSI, ABS, MrAd) to
facilitate updating of the document. Such a document was
prepared during this review which proved to be quite hehB[ul
in collecting information on various study areas. Sanpl e
pages fromthis docunent are presented along with appropriate
explanatory matter in this Appendix and in Subsection. 2.4 of
the Final Report (First Draft).

B.1.3 ABS RULES

No probl ems were noted during the course of task
devel opnent relative to ABS Rules, which are oriented
primarily toward ensuring the integrity of the ship’s hul
and propul sion systens. Those sections covering ship pi-ping
systens. are, in general, well-witten and easily interpreted.



2.1.1

COMMVERCI AL SHI P
COWMPCSI TE SPECI FI CATI ONS
DOCUMENT

Pl PI NG SYSTEMS

CHAPTER 2
DESI GN

PART 1
CONDI TI ONS AND CRI TERI A

DESI GN CONDI TI ONS

GENERAL
Mwrap SECTI ON 11, PIPING HULI SYSTEMS (1. GENERAL)

Al piping shall be concealed in acconodation
spaces having ceilings and sheathing, except
normal |y exposed piping to fixtures, and shal

be kept to a mininum In order to maintain

maxi mum headroom all piping shall be kept behind
fram ng and as close as practical to deck beans,
bul kheads, and the undersi de of decks.

Pi pes conveying steamor |iquids shall not be |ed
over head through the energency generator room
chart room battery |ockers, radio room refrig-
erated spaces, stores, dry cargo holds or in the
vicinity of switchboards; nor pipes conveying
liquids, in food preparation spaces, ness roons,
di spensary, and simlar spaces, where avoidable.
Where this is not practical, the piping shal

have all joints wel ded or brazed.

Al'l piping subject to mechanical injury shall be
adequately protected. All guards shall be bolted
in place so that they may be renmoved for repairs

to pi ping.

USCG 56.07-10, DESI GN CONDI TI ONS AND CRI TERI A:
ANSI 101.1, GENERAL

These design conditions define the pressures,
tenperatures and various forces applicable to
t he design of power piping systenms. Power



2.1.2

pi pi ng systens shall be designed for the nost
severe condition of coincident pressure, tenper-
ature and | oadi ng, except as herein stated. The
most severe condition shall be that which results
in the greatest required pipe wall thickness and
t he highest flange rating.

ABS 36.1.1, GENERAL REQUI REMENTS

Al'l vessels are to be provided with the necessary

punps and piping systenms for-safe and efficient

operation in the service for which they are intended.
Materials and workmanship are to be in accordance

with the best comercial practice land to the satis-
faction of the Surveyor. The arrangements and
details are to conply-with the following require

nents which are applicable to all ocean-goin
vessels but which my be nmodified for vessels,
classed for i mted service.
PRESSURE

USCG 56.07-10, DESI GN CONDI TI ONS AND CRI TERI A:
ANSI 101.2, PRESSURE

All pressures referred to in this (ANSI) Code are
expressed in pounds per square inch above
atmospheric pressure, i.e. psi gage, unless other-
W se stated.

USCG 56.07-10, DESI GN CONDI TI ONS AND CRI TERI A:
ANSI 101.2.2, | NTERNAL DESI GN PRESSURE

The internal design pressure including the effects
of static head shall not be less than the maxi mum
sustained fluid operating pressure within the

pi ping, and shall include allowance for pressure
surges, except as these conditions may be nodified
by the provisions of (ANSI) Para 102.2.4, 102.2.5,
102. 3.2 and 102. 3. 3.

USCG 56.07-10, DESI GN CONDI TI ONS AND CRI TEKRI A:
ANSI 101. 2.4, EXTERNAL DESI GN PRESSURE

Pi pi ng subject to external pressure shall be
designed for the maxinumdifferential pressure.
anticipated during operating, shut-down, or test
condi tions.



USCG 56.07-10(a), MAXI MUM ALLOMABLE WORKI NG PRESSURE

(1) The maxi num al | owabl e working pressure of a
pi pi ng system shall not be greater than the
internal design pressure defined in 104.1.2
of ANSI-B31. 1.

(2) Where the maxi mum al | owabl e wor ki ng pressure
of a system conponent,,such as a valve or a
fitting, is less than that conputed for the
pi pe or tubing; the system pressure shall be
[imted to the | owest of the conponent maxi-
mum al | owabl e wor ki ng pressures.

uscG 56. -07-10(b), RELIEF vALVES

pressures higher-than the-sytem s maxi mun
al  owabl e working pressure shall be safeguarded

by appropriate relief-devices: (See 52.01-3
of this (USCG subchapter for definitions.)

Rel i ef valves are required at punp discharges

except for centrifugal punps.so designed and

applied that a pressure in excess of the

maxi mum al | owabl e working pressure for the

system cannot be devel oped.

(2) The relief valve setting shall not exceed
the maxi num al | owabl e working pressure of the
system Its relieving capacity shall be
sufficient to prevent the pressure fromrising
more than 20 percent above the system naxi-
mum al | owabl e working pressure. The rated
relieving capacity of safety and relief
valves used in the protect tin of piping systens
-only shall be based on actual flow test data
and the capacity shall be certified by. the
manuf acturer at 120 percent of the set pressure
of the valve.

(3) Relief valves shall be certified as required
in Part 50 of this (USCG subchapter for
val ves, and shall also neet the requirenents
of 54.15-10 of this. (USCG -sub-chapter.

ABS 36.1.2; PIPING GROUPS

To distinguish between detail requirenments on the
various systens the piping on shipboard is divided
i nto two groups.

D ~r



Goup | in general includes all piping
wor ki ng pressures or tenperatures in var
as follows.
Pressurg

Servi ce k9/ cnf( psi)
Vapor and Gas over 10.5(150)
Wat er over 15.8(225)
Lubricating Ol over 15.8(225)
Fuel Ol over 10.5(150)
Lethal * Gases and Li qui ds al |

* For definition of |etha

Goup Il includes.all

Pi pi ng

I nt ended

I ntended for

I OUS Servi ces

Tenperat ure

aF)

over 343(

over 177(

over 204(

over 66(150)
al |

650)
350)
400)

gases and |iquids see 30.13.3d

for workir

pressures and tenperatutes below those “stipul ated~unde-r-

Goup I,

vents and boiler escape pipes.

cargo-oil.and tank-cl eaning piping,
addition such open-ended |ines as drains,

and in
overfl ows,
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~ SECTION C.l
LIST OF PERIODICALS SURVEYED
(SECONDARY SOURCES)

Periodical : Period Covered
Title Beginning Ending
. American Machinist . January 1970 : March 1976 |
. Business Week (Selected ;
. Industry Week Issues Only) ;
. : |

Iron Age

. Machine Design

. Management Review

. Marine Engineer and Naval Architect !

.- Materials Engineering ' -1, : - T .-
9. Mechanical Engineering s C
10. Naval Engineers Jcurnal

1li.: Ocean Industry _ -
12." Sea Power

13. Sea Trade

14. sShipbuilding and Engineering Record : g

15. Shipping International {

16. U. S. Department of Commerce News i

17 U. S. News and World Report
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SECTION C. 1

LI ST OF PERI ODI CALS SURVEYED

( PRIMARY SOURCES )

peri odi cal Period C rered
Title _ —BReginning _Ending
1. Engl neeri ng | ndex \]anuary 1970 NBrCh 1976
2. Fairplay International
3. Japan Shipbuilding and Marine
Engi neeri ng
4. Marine Engineering/Log
5. Marine Engineers Review
6. Marine Technol ogy
7.- Maritime Reporter and Engineering --
News
8. M o t o r S h i p
9. Norwegi an Shi pping News
10. Sea Technol o
11.  Shi pbui | di ng Igr%/t ernational (Formerly June 1972
Shi pbui I ding and Marine Engineering
I nternational)
12.  Shipbuil ding and Shi ppi ng Record June 1974
13.  Shipping World and Shi pbuil der March 1976
14.  Surveyor August 1975
15. Tanker and Bulk Carrier May 1975
16, Zosen March 1976




SECTION C. 2
LI ST OF SIGNI FI CANT ARTI CLES
A N D
PUBLI CATI ONS
( CATEGORY 1)



GENERAL SHI PBUI LDI NG TECHNOLOGY

Article_or Publ i cati on

- ':'—_-".:.:‘.ILIJ.H‘Le—'"— S ‘—L—'—AE_t—‘h_—o"r‘f‘.(A§:)-‘ T SIS TR ST _§.ource:—_——.;. SR T I, 3
A Sweedi sh Conputer System , Not given Shi pbui | di ng_and
for Entire Ship Design and Engi neeri ng Record,
Production March 27, 1970
Shipbuilding - A Wrld Not given Shi pbui I ding and
Leader in_ Conputer Shi ppi ng Record -
Application Marine Design
I nternational,
] ' april 1973 =
Metrication of U S C. Jeien™ | Naval Engineers
Shi pbui I di ng Journal, April 1973
Nunerical Control wth J. E. Chadbund N. E Coast Institutiol
Particular Reference to of Engi neers and
Shi pbui I di ng (Paper) Shipbuilders-Trans-
actions Vol 89, No. 5,
May 1973
Nunerical Control in J. E chadbund Shipbuilding and
Shi pbui 1 di ng Shi ppi ng Record,
April 20, 1973
Interactive Graphics for M D. Prince Not given

Conmput er - Al ded Desi gn

( Book)



Pl PI NG DESI GV ENG NEERI NG TECHNCLOGY

Article or Publication

{ _ Author( s)

al Conference on Conputer
Applications in the Auto-

mati on of Shipyard Operation

and Ship Design,
Japan

Tokyo,

Computers in the Design
Departnent to Control
Shi pboard | nterferences

J. K MNeal
R P. Kakad
J. S. Magrie

_ Title e oo _.._Souree
A Brief Overview of Mdern J. R Sal zer Ship” Tech Associates
Advanced Piping Technol ogy 1974
Use of Scal e Models as "Bath Iron U S. Department of
a_Managenment Tool wor ks Cor p. + Commerce - Maritine
(Report) i . Adnministration,

i ;:May 1974
Arrangenent of Shi pboard -bu‘B{Wbodward Mari ne Technol ogy,
Piping by-Digital b Apri | 1975
Conput er .

|
Conmputer Graphics in the iR. W Geen  The Swedish
Shipuilding Industry - : Shi pbui | der s
A Feasibility Study | Conputing Center
Interactive Conputer {A. C. Landsburg Marine Technol ogy,
G aphics _and the {F. Seibold July 1975
Marine |ndustry ;
Conput er _Ai ded Pi pi nq 'Dr. Luigioliva Italcantieri Co.
Enai neering System at et al Sede & Direzione
tal cantieri Co. (Paper) ; Ceneral e
May 1972, presented at | 34132 Trieste
Aut okon Users C ub Meeti ng, ! Corso Cavour N 1
St. Nazaire, France |

!
Comput er Ai ded Design and fDr.LuigiOliva} Ital cantieri Co.
Production in a Milti-yards .et al i Sede & Direzione
Organi zation - Status and Ceneral e
Trends (Paper) August 1973, . 34132 Trieste
presented at the internation- Corso Cavour N 1

Maritime Reportar/
Engi neering News,
June 15, 1975



Article or Publication P
Title : _ Author(s) . Source

¥ I ITead o o Tz

| Interference Control System :J. K. McNeal  Sun Shipbuilding &
(Bookl et) presented at the R P. KakKad Drydock co.
27 February 1973 neeting of J. S. Magrie | Chester, Pennsylvania
the Del aware Valley Section L
of the American Society of
Naval Engi neers i

; ]

Report on Interference ‘@G. C. Corley, Society of Naval
Control Systens and on the Jr. Architects and Mrine
DEPI CTS Proposal by L. C © J:A. Schiro Engineers, ship Pro-
Hgbie and R F. Millen in duction Comm ttee Task
Relation to Existing G oup 0-34-1
Interference Control Systens 74 Trinity Place
(Report to SNAME Conputer : New York, N.Y. 10006

Aids to Shipbuilding Task
Goup 0-34-1) dated June 1,

1973
Materials to Fight Marine K. Masubuehi  Materials Engineering,
Envi r onnent i - Special Report,

i January 1971

1
The Promise of Unforgiving . D. Goves Naval Engi neers
Materials = Jour nal

! Decenber 1971

|
Plastics: 1deal Seagoing Not given Marine Engi neering/
Materials That Chop , Log, July 1972

Mai nt enance Cost s

U__S. Navy Devel ops New L. L. Gusick Marine Engineering/Log
WAy to Drain HP Steam Lines
and Cuts Costs

Condensate Removal Device ! Not given Mechanical Engineering
January 1975

C5



PLPI NG FABRI CATLGN/ LNSTALLATI ON TECHNOLOGY

Article or

Publ i cati on

_drlas _Author(s) . Sowee
M t sui - Devel oped Not given Unknown
Aut omat ed Pi pe Shop
Systemin Use at
- Chiba Works
MAPS System ( Paper) S. Moriguehi M tsui Shi pbui | di ng

Recent Devel opnents in

Shi pvard Wl di ng

Cont i nuous Wl di ng Robot

Application of Preoutfitting R A ol dbach

Duri ng Construction of

Ani nuni ti on Shi ps AE 32-35

Marine Pipe Fitting (Book)

pipe Bendi ng Machi nes
for Shi pbuilding

J.

W C. Brayten

Not

gi ven

Houmack

and Engi neering Co.,
Ltd. Chi ba Wrks,
Japan-.

Mari ne
July 1975

Technol ogy

Mechani cal Engi neering
April 1975

Marine Technol ogy,
January 1973

Pennsyl vani a Depart nent
of Public Instruction

British Shipbuilding
Research Associ ation
Research Report No.
PS15J



SECTION C.3 .~
LIST OF SIGNIFICANT ARTICLES
AND ’
PUBLICATIONS
(CATEGORY II)



Article or
Title

BRAZIL

Publ i cati on

| shi kawaj i ma_do Brask|

Estaleiros S.A. Geets
I[ts 10th Anniversary
Est abl i shnent

Shi pbui l ding i n Brazi

Bright  Qutl ook for

Expanding Brazillian_

Shipbuildin g Industries

M

Aut hor ('s)

| keuchi

Sour ce

Japan Shi pbui |l di ng
and Marine Engi neering
(July 1969)

Shi ppi ng I nternational
(Sept enber/ Oct ober
1972)

Mot or
(CQct ober

Ship
1973)



DENMARK

Article oxr Puboication

Title Aut hor ('s)

(dense_Steel Shipyard, _Ltd.

(Odense, Denmar k)

Burnei ster and Wain
. ( Copenhagen, Denmark)

Boom ng-(Qdense Plans_—
Further Expansi on

G ant Tankers at-(Odense

Qdense Steel Shipyard

Dani sh_Shi pbui | di ng at
d- 1972

<

Burrmei ster _and Wain
( Copenhagen, Denmar k)

QOdense Steel Shipard, Ltd.
(Odense, Dennark)

Denmark - Open_Season
for Mavericks. ‘

The Lindo Shipyard

Sour ce

NNS Trip Report
August 19, 1969

NNS Trip Report
August 20, 1969

Shi pbui I ding and
Shi ppi ng Record -
Suppl enent ]
May %, 1970) h -

Fairplay International
(April 24, 1971)

Shi pbui | di ng
| nt er nati ona
(June 1971)

Nor wegi an Shi ppi ng
News
(Nr. 17D, 1972)

NNS Trip Report
May 5, 1972)

NNS Trip Report
May 9. 1972

Fairplay International
Shi ppi ng Jour nal
(July 5, 1973)

Shi pbui I ding and

Shi ppi ng Record/ Mari ne
Week Special |ssue
(May 1974)



FI NLAND

Article or Publication Aut hor (s) Source .
-Title o — _— e v e
1
Wartsila - Finland's iE E. B. Shi pbui I ding and

Lar gest Shi pbui | di ng
Enterprise

New Helsinki Yard
for Valnet Oy

Fi nni sh_Shi phuilders
Quietly-Optimstic”

Hol mstrom

Shi ppi ng Record
(March 28, 1969)

Fairplay International
Shi ppi ng Jour nal
(January 1972)

Nor wegi an Shi ppi ng
News
(Nr. 17D, 1972)



FRANCE

Article or Publication

i . fktle _ i Authoris) Sous.ce

Chantiers De L’ Atlantigue NNS Trip Report
(Saint Nazaire, France) | (August 21, 1969)
Gas Ships Are This French Shi pbui | di ng and
Yard's Main |Interest Shi ppi ng Record
(October 22, 1971)

Stabilization within the Nor wegi an Shi ppi ng
French Shi pbui | di ng N e w s

[ Industry (Nr. 17D, 1972)
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| TALY

Article or Publication
__Ththe !

Aut hor (s)

[ tal canti eri Pr esent

Acconpl i shnents and

Fut ure Prospect.s

Sour ce

Fairplay International
Shi ppi ng Jour nal
(July 5, 1972)

l[taly - Merchant Fleet Fai rplay |nternational

| ncreases Shi ppi ng Journal
(JUYy 5, 1973)

| HI to Export Ship Fitting Norwegian Shipping

Met hod t o ltaly’s Largest Ne ws

Shi pyard (No. 14, 1973)



JAPAN

Article or

Publ i cati on

c-12

——Title _puthor(s) | Source ..
The Tsu Shi pyard of Tanker and Bul k Carrie
Ni ppon Kokan (January 1970)
kabushi ka Kai sha
Pl anning for the- A. Hayashi Marine Technol ogy
Construction of Tsu Shipyard (April 1970)
Ni ppon Kokan_Shi pyard International_: _
at Tsu Shi pbui | di ng
(June 1970)

New M t subi shi Yard” Shi pbui I ding and
with 500,000 - Ton Shi ppi ng Record
Capacity Building Dock- (Septenmber 11, 1970)
Japanese Shi pbuil ding K. Masubuchi I ron Age
Goes Maxi (November 5, 1970)
Ni ppon KoKan - Japan’s Only Fai rplay Japanese
St eel naker - shipbuilder Shi ppi ng Survey

(June 18, 1970)
At . M tsubi.shi, Nagassaki - Tanker and Bul k
Si mul t aneous _Two- Par t Carrier
Construction_ (Cct ober 1970)
Moder ni zed—1| nst.al Lation- Japan Shi pbui | di ng
and New.Production System and Marine Engineering
for Building Mammouth Sized (Volume 5, No. 2, 1970)
Vessel s - Sakai _ Shi pyard,
H tachi _Zosen
M tsubi.shi’s Mjor Trends Shi pbui I di ng
in the. 1970’s I nternational

(April 1971)
Sumtono’s Qppana Zosen
Shi pyard Conmences_ Cperation (February 1972)
MH s Koyagi Shipyard M  Chi haya Zosen
Nearing Conpletion (May 1972)



JAPAN

———————

Article or Publication

i Author(s)

Source

————— - ——

Shipbuilding - A1l That's

New Installed at Sumitomo's

Oppama Yard

How Big Can You Get
in Shipbuilding

How Recent Events Have
Affected Japanese )
Shipbuilding ’

Pushbutton _Shipbuilding
(At Nippon KoKan)

Japan - Record Year for
Shipbuilders

A Survey of the Japanese
Yards.

' Shipbuilding_-_ Japan

Loads Beyond the
Three-Year Order Book

Hitachi Ariake Shipyard
for ULCC's Under
Construction -

Hitachi Ariake. Shipyard
Commences Operation

Introduction of New
Oppama_ Mammoth Shipyard
of Sumitomo Shipbuilding
and Machinery Co., L&d.

) S.L. Jones

S.

L. Jones

o v o e . e e e o (e e o m———— e aim—

|

mrmmmios STt memrsTmitesI s muemay

Seatrade
(May 1972)

‘Norwegian Shipping
News

Norweégian Shippbing
News .
(Nr...17D, 1972)

American Machinist
- (February 19, 1973)

Fairplay International
Shipping Journal
(July 5, 1973)

. Norwegian Shipping

News-
(No. 16, 1973)

Seatrade
(August 1973)

Shipbuilding and
Shipping Record
(september 7, 1973)

Zosen
{August 1973)

Japan Shipbuiiding
and Marine Engineering
(Volume 7, No. 1, 1973)




NORWAY

Article or Publication

L Title ; Author (s) ) Source
i — i A phbyoinbvi

ALS Stard Verft NNS Trip Report
(Stord, Norway) (August 25, 1969
Aker Group - Norway.'s. Shi pbui | di ng and
Bi ggest Marine Concern Shi pping Record

Suppl enent

(May 1, 1970)
Wde Variety of Standard Shi pbui I ding and
and Speci alized Tonnage_ Shi ppi ng Record
Keeps Norwegi an_Yards Busy (May 26, 1972)
GQuarded Optim sm Anong Nor wegi an  Shi ppi ng
Nor wegi an Shi pbui | ders News

(NR 17D, 1972)
Norway - Considerable Fai rplay International
ship Odering Shi ppi ng Jour nal

(July 5, 1973)



PORTUGAL

, Article or Publication

Setenave - A Vast New
Portuguese Shi pyard

Set enave - Portugal's
New Shi pbui | ding and
Repair Facility

Portugal ' s Second
Large Shipyard

C- 15

i __BAuthor(s) .

!
i
I

(Novenber 1972)

Shi pping Wrld and
Shi pbui | der
(Novenber 1972)

Shi pbui I ding and
Mari ne Engi neering
| nt ernati onal
(February 1973)



- p——

Article or Publication
e :.T;J:-'—t. c']:;'e—:

The Spectacular Rise of
Spanish Shipbuilding

Spanish Shipbuilding

Shipbuilding in.Spain

- I

Spain's Shipbuilding
Vitality

Spain's Rising Status
in World Shipbuilding

Large-Scale Shipbuilding
in Spain

Spain - Economy
Progressing at a Falr Pace

Shipbuilding and
Shipping Recoxrd
(April 1971)

Fairplay Spanish
Shipping and Ship-
building Survey
(May 201 1971)
" Shipping World
and Shipbuilder

: (January 1972)

Surveyor
(February 1972)

: Seatrade
- (February 1972)
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SECTION D. 1

FACI LI TY SURVEY DOCUMVENTATI ON
( DOVESTI C)

BATH | RON WORKS CORPORATI ON

D. 1.1 | NTRODUCTI ON

A tour of Bath Iron Wrks Corporation, |ocated in
Bat h, Maine, was conducted on Novenber 19, 1975 for the
purpose of collecting pipe technology data. Additiona
data was collected via correspondence and tel ephone
i nterviews.

In general, Bath is a versatile yard which has been
involved in the construction of Navy destroyers, MSC tankers,
and container ships. They are currently one of two U S
yards-involved in-the construction of RO RO ships.

As of April 1, 1976 the follow ng ships were under
contract at Bath

Quantity Type Propul si on Si ze
4 RO RO St eam Tur bi ne 14,500 dwt
1 Patrol Frigate
(FFG 1)

A brief description of the piping design, fabrication,
and installation activities at Bath is given in the follow ng
paragraphs. This description is current to April 1, 1976.

D.1.2 DESIGN

In general, Bath has relied heavily upon design agents
for nuch of its prelimnary and detail design work. It was
noted that Bathts |ongstanding relationship with G bbs and
Cox, Inc. has resulted in an excellent design agent/buil der
environment. Nornally, the design agent does all required
design work through the first revision of a drawing. Any
subsequent revisions to drawi ngs that may be required are
handl ed by Bath’s own smal|l conpetent design staff.

Since Bath is involved in very little original design
work, no details on design practices could be given. It
shoul d be noted, however, that pipe details are usually



prepared by the pipe shop. Also, Bath's naterial control
system appears to be one of the best in the U S. ship-
building industry. No details were available on the system

D. 1. 3 FABRI CATI ON

A tour through the pipe shop at Bath reveal ed sone
interesting features. A rather unique pipe storage and
delivery system was devel oped to solve the problem of
limted pipe storage areas within the pipe shop. Pipe is
stored in racks adjacent to the shop and in-line with the
general flow path of material through the shop. \Wen a
piece of raw pipe is required, it is taken fromthe rack
and placed on a conveyor which passes the pipe through an
opening in the shop wall and on to the pipe cut-off nachine.

At the cut-off nmachine the pipe is then positioned and cut
to length. Ether a flame or saw cut-off-nethod is used,
dependi ng upon the material and sizeof the pi pe.

Pipe requiring bending is nmoved to the pipe bending
area and bent in accordance with pipe detail sheets prepared
in the shop. Material for further fabrication of the pipe
I's pre-ordered and stored, ready for use, in accordance with
production control schedules. After pipe and fittings have
been fabricated, finished pieces are either-sent to the
ship or to the pre-outfitting area. Pre-outfitting is
acconplished to the greatest extent possible, either in the
structural fabrication shop or on platens outside the shop.

The pipe shop at Bath is equiped with a variety of
saws, benders, burning equipnent, work benches, etc., al
of which provide the flexibility that Bath requires to
handle a m x of ship types and si zes.

D. 1.4 | NSTALLATI ON

A tour of the RO RO ships under construction at Bath
was provided. It was noted that the open areas bel ow nain
deck were being utilized for an on board pi pe shop. Pipe
storage racks and fabrication equi pment were suet up to
handl e on board working of pipe not fabricated in the shop.
This pipe shop allowed pipefitters to acconplish nuch of
t he shi pboard work under near-shop conditions. This is a
great advantage since climatic conditions at Bath in the
W nter are quite severe for shipbuilding;, it is not un-
common for tenperatures on the shipways to drop to -20°F



The concept of an on board pipe shop could perhaps be
applied at other U S yards in order to gain the obvious
advant ages for pipe installation personnel.

The general |ayout of pipe runs observed during the
tour reflected excellent planning. The |level of activity
aboard ship indicated a snooth, well-planned effort to
expedite the installation of shipboard piping with a
m ni mum of disruption and del ay.

D.1l.5 ACKNOWLEDGEMENTS

For their kind assistance in providing us with an
. excellent tour of Bath Iron Works Corporation, we wrsh to
.thank the followrng people- .

':f{{ R G. Ford - Pro;ect Manager, Ship- Producrblllty

. Program ‘ e
‘R. W. Thorpe, Jr., = Program Manager, Shlp Producrbrllty
L " Program o

R. Grondin - Chief Machinery Draftsman
L. Totten - Chief Test Engineer

H. Hatch -~ Pipe Shop Superintendent

C. Bower - Pipefitting Foreman
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SECTION D. 2
FACI LI TY SURVEY DOCUNMENTATI ON
( DOVESTI C)
SEATRAI N SHI PBUI LDI NG CORPORATI ON

D. 2.1 | NTRODUCTI ON

A tour of Seatrain Shipbuilding Corporation |ocated
i n Brooklyn, New York (Brooklyn Navy Yard), was conducted
on February 19, 1976 for the purpose of collecting pipe
technol ogy data. Additional data was collected via tel ephone
I nterviews.

Seatrain has made a remarkable recovery from past
financial difficulties and is currently progressing quite
well in the construction of tankers and barges.

As of April 1, 1976 the foll ow ng ships were under
contract at Seatrain:

Quantity Type Propul si on Size
3 Tanker St eam Tur bi ne 225,000 dwt
4 Bar ge (unknown)

A brief description of the piping design, fabrication,
and installation activities at Seatrain is given in the
follow ng paragraphs. This description is current to April .1,
1976.

D. 2.2 DESI GN

Seatrain is currently relying upon design agents for
most of its basic and detailed design work. A smail, corn-
petent, design and engineering group makes any design changes
that may be required during. construction. Very little infor-
mation was avail able on design practices, since nost design
docunents were prepared by the design agent. It was noted
that the quality of work received fromthe design agent and
t hat done at Seatrain appeared to be good.

D. 2.3 FABRI CATI ON

The-pi pe shop at Seatrain is adequate in size and is
wel | laid out for processing comrercial ship piping. The
bul k of piping fabricated is carge and ballast piping, since
pi pi ng under 2-inches (I P.S.) in size is field run, and
main steam piping is subcontracted. Standard |engths of
raw pi pe are delivered to the shop entrance where they are

D-4



cut with propane torches to design |engths and end-prepared
for welding as required. Pipe up to a dianmeter of 6 inches
requiring bending is processed on a 6-inch \Wllace bender.
Qther processing is acconplished on power hack saws, radial
cut-off saws, drill presses, jigs and fixtures for fabri-
cation and melding, and small hand tools for chipping and
grindi ng.

Cargo pi ping was being processed during the tour,
and standard fabrication techniques for performng this
work were observed. The fit-up was good and the wel ding
was excellent. The general flow of naterial through the
shop was orderly and efficient. Normally, only ferrous
piping is processed in the pipe shop; however, skilled
coppersmths are available to handl e any non-ferrous piping
rewi red. Heater coils were joined using socket welds. It

was noted that all pickling and gal vani zi ng work required.
at any stage of the fabrication process nust be perforned
by outside contractors. Also noted was that all finished

pi pe was properly. capped prior to removal to storage or
the ship.

Wrk is planned and scheduled in the usual manner of
work packages. It was indicated that |arge assenblies and
modul es are not generally used due to limted lifting
capacity. Gage boards are normally piped up aboard ship.

D. 2.4 | NSTALLATI ON

A tour of the machinery space on a 225,000 dw tanker
was conducted to observe installation practices. Wile there
was no work on pipe in progress at the tinme, observation of
the work conpleted revealed that the pipe installed was well
run and hung with standard hangers. Pipe configurations
were well-aligned and conpactly arranged. Wl ded joints wete
above average. No innovative or unusual techniques were
observed. Sone problens with the quality of cast valves were
not ed.

C 2.5 ACKNONEDGEMENTS

For their kind assistance in providing us with an
interesting and informative tour of Seatrain Shipbuilding
Corporation we wish to thank the foll ow ng peopl e:

Serrie - Presi dent

Vought - Director of Planning
Farley - Engineer

Matty - Engi neer

=do&
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SECTI ON D. 3
FACI LI TY SURVEY DOCUVENTATI ON
( DOVESTI C)
QUI NCY SHI PBUI LDI NG DI VI SI ON
OF
GENERAL DYNAM CS CORPORATI ON

D.3.1 | NTRODUCTI ON

A tour of Quincy Shipbuilding Division located in
Qui ncy, Massachusetts, Was conducted on Cctober 10, 1975 for

the purpose of collecting pipe technol ogy data. Additional

data was collected via correspondence and_ tel ephone inter-
Vi ews.

_In general, the piping process at Qincy is basically
conventional wth sonme novel cost-effective nethods used in

the design area. Quincy’s LNG program appears to be pro-

gressing quite well. As of April-1 1976, the follow ng
shi ps were under contract at Quincy:

Quantity Type Pr opul si on. Si ze

8 LNG St eam Tur bi ne 63, 600 dwt

A brief description of the piping design, fabrication,
and installation activities at Quincy is given in the
foll owi ng paragraphs. This description is current to April.
1, 1976.

D. 3.2 DESIGN

The preparation of system diagrans and materi al
estimates follows the same pattern as for Other shipyards
surveyed. Conmput er prograns are used for Pipe stress and
heat bal ance cal cul ati ons.

A conputer interference control program was tested
but did not prove to be highly successful. Conposites are
devel oped after arrangenent drawi ngs are made for a given
area and are used as interference check draw ngs only. T h e

preparation of the arrangenent drawings is greatly facili-
tated by the use of structural backgrounds prepared by the

Autokon | System It was noted that nunerous draw ngs are

produced by this system for the various activities through-
out the yard.

Pipe details are not preﬁared by design; they are
prepared entirely by the shop. This syst'em appears to “work

wel | .
D6



Probl ens of particular concern Quincy are materi al
procurenent delays, and the present U S. Coast Guard
approval policies. Approval delays have been very disruptive
to their LNG program

Desi gn personnel expressed interest in the Japanese
H cass-P Pipe System marketed by Htachi Zosen. This
system builds a data base from ship structural data and
prints out pipe piece draw ngs, detailed arrangenents, joint
identification, and positioning. The Task S-4 project team
was asked to investigate further.

D. 3. 3 FABRI CATI ON

As noted previously, the pipe shop prepares the pipe
details from the arrangenent draw ngs. This requires that
arrangenent drawi ngs be nmade available to the shop earlier
t han ot herw se woul d be required, but this does not appear
to be a problem since sufficient, lead time is available on
the LNG program  The pipe shop was quite inpressive. The
shop is located in close proximty to all material required
for fabrication, thus elimnating lost tine in this area.
Wrk flow through the shop is essentially. straight-line and
appeared to be efficient. A special area at the end of the
production line is utilized for subassenbly work.

Cut-off is acconplished via band saws, torches,
and abrasive saws. A plasma cut-off torch has been ordered.
For end-preparation, the pipe shop has ordered an H&M | at he
which will handle pipe up to 24 inches (I.P.S.).in dianeter
This machine wll handle all grades and schedul es of pipe
and it was stated that its primary use would be for schedule
10 stainless steel pipe.

Bending is done on conventional machines to a radius
of 5D. The shop has a coil bender for heater coils.
Fabrication is done at work stations, where-material is
delivered in accordance with job packages.

Al'l welded joints appeared good. The automatic.
wel di ng was exceptionally good, due in nmo small neasure to
the expertise-and skill of the operator. Pipe shop personnel
were also quite pleased with their new orbital welding equip-
ment that was being, used to weld stainless steel pipe. T h e
equi pnent is manufactured by H -Pulse Dianmetrics, Inc. of

North Hollywood, California. Sqguare butst joints on schedule
10 stainelss steel pipe were done on this equipnent and
appeared to be of exceptionally high quality. The shop was
also pleased with their Pines Roto-Form bender.



Pipe is cleaned using both soda and an acid rinse;
all fabricated piping is cleaned prior to shipping. Pipe
Is tagged and placed on pallets for transportation to
storage or to the ship.

A covered area outside the pipe shop is used to pre-
fabricate nodules. An entire punp room pre-nmounted on a
foundation and ready for installation, was noted during the
tour.

D. 3.4 | NSTALLATI ON

A ship tour was not conducted. However, a general
di scussion of the installation activities indicated that no
special techniques are utilized. No problens of making ship
joints on cryogenic piping were anticipated Since backir
rings would be used to elimnate the need for purging.

D. 3.5 ACKNOANLEDGMVENTS

we thank the follow ng people who were very hel pful
in assisting us in the tour of Quincy:

Holt 11l - Director of Engineering
Kelly - Manager, Design

Pray - Chief, Marine Design

. E. Craft - Chief, Marine Engineeririg
D. Rivard - Supervisor, Pipefitters

c=sor
mMMo T

Also, we wish to thank W E Pray. for providing
addi tional information on Quincy and for -serving on the
Task S-4 Advisory Council.



SECTION D. 4

FACI LI TY SURVEY DOCUNMENTATI ON
( DOVESTI C)

SUN SHI PBUI LDI NG AND DRY DOCK COWVPANY

D. 4.1 | NTRODUCTI ON

A tour of Sun Shipbuilding and Dry Dock Company, |ocated
in Chester, pennsylvania, was conducted On Cctober 9, 1975 for
the purpose of collecting pipe technol ogy data. Additional
data was col lected via tel ephone interviews.

In general, Sun appears to a rather progressive
yard, especially in the area piping engineering and des
Most noteworthy is the wllingness.”to try-relatively novel
methods. sun is a flexible yard capabl e of handling

construction of several types of vessels. sinultaneously.

As of April 1, 1976 the follow ng ships were under
contract at Sun:

Quantity Type Propul si on Size
1 RO RO St eam Tur bi ne 17,300 dwt
2 LNG St eam Tur bi ne 65, 350 dwt
2 Tanker St eam Tur bi ne 124, 000 dwt

A brief description of the piping design, fabrication, and
installation activities is given in the follow ng paragraphs.
This description is current to April 1, 1976.

D. 4.2 DESI GN

The preparation of system diagrans and materi al
estimates at Sun is basically the sane as for other ship-
yards surveyed. Conputer progranms are used for pipe stress
and heat bal ance, and in sone cases for pressure |oss cal-
culations. It-was indicated that fairly close contact was
mai ntained with the trades during original design and as
fabrication and installation work progressed.

Sun does not generally use interference control draw n
Interferences are normally worked out by individual designers
as the design of a particular area progresses. |t ~was note
however, that a conputer interference control programis used
to some extent on new design work. The use of a scale nodel
to work out the detailed design of an unusual ship design was
described in some detail. The ship is a triple-screw RORO
vessel designed for a 35-knot Cruising speed. Because of the
hi gh I evel of Congestion in the machinery spaces,a |arge,
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hi ghl y-detailed scale nobdel was constructed from prelimnary
drawi ngs; the nodel included all nachinery,Tpipin , venti -
lation, wireways, and electrical equipnent. The nodel
required approxi mately 5500 man-hours to construct, but had
already paid for itself in the nunber of pipe joints elim
inated. After all design data has been lifted fromthe nodel
the nodel will be placed near the installation activities for
ready-r ef erence.

Perhaps the nost notable innovation at Sun in the piping
design area is the use of isonetric arrangenent drawi ngs in
areas. of high congestion. These drawi ngs are exceptionally
easy to read and apparently are not much nmore difficult to

produce than standard orthographi c arrangenent draw ngs.

Drawi ngs are kept. short so that they are easy. to handl e.
This proves to be a great help to the fabrication and instal-
| ation activities when working in conjested areas. Al so
noted was the use of the sane type of isonetric draw ng:
for stress analysis.

Anot her itemof interest was the use of ASTM A587
material in lieu of A53 wherever allowed by U S. Coast Cuard
regul ations. Sun appears to have a close working relation-
ship with the U S Coast CGuard and feels that, in general
there are no serious problens.

The devel opnent of pipe details fromthe arrangenent
drawi ngs is basically a manual process at Sun. Design pre-
pares the details and submts themdirectly to the pipe shop.
Sone tenplate ends are used to facilitate installation at
tight points, nuch the same as at other shipyards surveyed.
Three inches are generally allowed for this purpose. However,
pi pe. details are nostly designed neat to a tolerance of 1/16
i nch.

D. 4. 3 FABRI CATI ON _

In general,. the pipe shops. at Sun are adequate. Pipe
enters the pipe shops froma covered storage area and pro-
ceeds through the cut-off area to the bending area. Mbst
pipe is bent the a radius of 5D. Hot bending is done for
pi pe over 12 inches (I.P.S.) in diameter. Some interest in
2D bending was expressed.

The highly-skilled pipe-fitters turn out good work
without the use of-sophisticated equipnent. Mnual, sem -
automatic; and automatic welding-is used, dep&ding upon the
application. Mtered elbows are used extensively to cut
down on copper pipe waste and to elimnate work stoppages
due to lack of elbows. Pipe hangers are nmade in the shop;
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gaskets and pipe caps are purchased. Also noted was the
extensive use of flanged joints simlar to those of the
Van Stone type. This type of joint is nade by formng a
lip on the type and placing a |oose flange behind the |ip.
This joint allows for rotation Of the flange during fit-up,
thus facilitating installation of large pipe.

D. 4.4 | NSTALLATI ON

A ship tour was not conducted. However, a general
di scussion of installation techniques indicated that no
special techniques are utilized.

D. 4.5 ACKNOALEDGEMENTS

we wsh to thank the follow ng people who were quite
hel pful in providing information during the tour of sun
Shi pbuil ding. and Dry Dock Company:

F.

R
J.

J
J.
C
A
F

Hartman - General Superintendent

Lanmb - Chief, Machinery Techni cal

Wttneyer - Chief, Mchinery Technical

(replaced R Lanb since tour was conduct ed)

Matthews - Director

Drye - General Cargo Production G oup Engineer

Allen - Chief Draftsman, Machinery and Piping,
Machi nery Engi neering Division

Adans - Copper Shop

Me-trick - Pipe Shop Foreman
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SECTION D.5
FACI LI TY SURVEY DOCUNMENTATI ON
( DOVESTI C)
BETHLEHEM STEEL CORPORATI ON
SPARROAS POl NT YARD

D. 5.1 | NTRODUCTI ON

A tour of the Sparrows Point Yard of Bethleheni Steel
Corporation, located in Sparrows Point, Maryland, was con-
ducted on Cctober 18, 1975 for the purpose of collecting
pi pe technology data. Additional data was collected via
correspondence and tel ephone interviews.

In general the piping process at Bethlehem - Sparows
Point is currently geared to the production of |arge tankers.
Pi pi ng-design, fabrication, and installation is acconplished
in a basically conventional environment with good quality
work prevailing throughout the process.

As of April 1, 1975 the follow ng ships were under
contract at Bethlehem - Sparrows Point:

Quantity Type Propul si on Si ze
2 Tanker St eam Tur bi ne 255, 000 dwt
2 Tanker St eam Tur bi ne 265, 000 dwt

A brief description of the piping design, fabrication,
and installation activities at Bethlehem- Sparrows Point is
given in the following paragraphs. This description is
current to April 1, 1976.

D. 5.2 DESIGN

The preparation of system diagrans and materi al
estimates follows the sane pattern as for other shipyards
surveyed. Most calculations are perfornmed manual | y-by a
smal |, but highly conpetent, group of engineers.

Conposites are drawn for the machi nery spaces. Each
conposite is then divided into work group nodul es, the con-
cept being to group out all work by nodul es rather than by
system All, systems within the confines of a given nodul e:
are worked as a group.

Pi pe details are prepared by both design and shop
personnel ; pipe details for-the main steam systemare handl ed
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by design while those for nost other systems are handl ed
by-a special pipe detail group in the shop. Pipe details
are drawn on a special formand contain all information
required for fabrication. The quality of the manually-
prepared details appeared-to be excellent.

A steel flange design has been devel oped by
Bet hl ehem - Sparrows Point which elimnates the need for
bronze flanges on copper and copper-nickel pipe. The
flange is nmachined at the face to allow for the buildup of
a nonel cladding, which is then machined to form part of
the flange face. The nonel cladding acts as a buffer zone
bet ween the copper-nickel and steel. It was stated that the
savings of steel versus. bronze flanges significantly out-
wei ghs the added | abor costs involved in thisprocess.

D.5.3 FABRI CATION

As noted above, nost pipe details are prepared by pipe.
shop personnel. Material is drawn fromlocal storage areas
I n accordance with information given on the details. Pipe
details and required material are passed along to various
work stations until all shop work has been conpl et ed.
Conpl eted pipe assenblies are then palletized and sent to
the installation areas. Mich of the copper pipe work is
handl ed in a separate copper shop

Pi pe shop facilities at Bethlehem - Sparrows Point
are adequate for the present work |load, although it was
noted that there was insufficient storage space for material
and finished pipe. (This is a problem shared by nany -ship-
yards today.) Skill levels appeared to be high, which nore
than made up for any lack of sophisticated equi prment.

One item of particular interest was the use of a
special steel pallet shaped nuch like a baby cradle. Thi s
desi gn appears to be superior to conventional flat pallets,
since pipe assenblies tend to stay in the cradle wthout the
need for straps. Lifting lugs were attached so that cradles
could be noved easily by cranQe.

D. 5.4 | NSTALLATI ON

A ship tour was not conducted. However, discussions
with installation personnel indicated that installation of
piping is done in a basically conventional mrine r.



D.5.5 ACKNOW.EDGEMENTS

We wish to thank the foll ow ng people who made our
tour of Bethlehem - Sparrows Point a significant. contribution
to the Task S-4 effort.

Brayton - Assistant Production Manager
Wl fong - Project Engineer

Bauersfeld - Chief Mchinery Draftsnman
Dougherty - Systens Engi neer

Peters - Foreman of Pipe Shop
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Also, we wish to thank A Nehrenz - Piping Engineer
who provided additional information on Bethlehem - Sparrows
Poi nt and



SECTION D. 6
FACI LI TY SURVEY DOCUMENTATI ON
( DOVESTI C)
NEWPORT NEWS SHI PBUI LD NG

D. 6.1 | NTRODUCTI ON

Various tours and surveys of Newport News Shi pbuil ding,
| ocated in Newport News, Virginia, were conducted from June
1975 through March 1976 for the purpose of studying pipe
technol ogy. Studies of supporting technol ogy were al so made.

Newport News Shipbuilding is currently heavily involved
in the construction-of Navy carriers and submarines, and, \
a maj or expansion program nearing conpletion, the yard. is also
actively involved in the construction of commercial ships.

As of April 1, 1976 the follow ng ships were under
contract at Newport News Shi pbuil ding:

Quantity Type Propul si on Size
3 Tanker St eam Turbine 390,770 dwt
3 LNG St eam Tur bi ne 63, 460 dwt
1 Mul ti - purpose
Carrier (CVN70)
1 Attack Carrier
(CVNG9)
3 Submari ne
( SSN- 587-9)
3 Submari ne
(SSN- 591, 3, 5)
3 DLGN (DLGN 37, 38, 40) -

A brief description of the piping design, fabrication,
and installation activities at Newport News Shipbuilding is
given in the follow ng paragraphs. This description is
current to April 1, 1976.

D. 6. 2 DESI GN PROCESS

System diagrans are first prepared by piping designers
using information provided in the ship specifications, contract
drawi ngs, and contract guidance drawings. Pipe sizes and flow
data are prepared by a designated group of engineers and are
added to the system diagrans. |Material estimates are made
using tile systemdiagrams and, in some cases, prelimnary
pi ping schemes. Material estimates are updated as necessary
to reflect-detail design. A material ordering schedule is
prepared and purchase orders are placed to secure vendor



Once an outfitting schedule is established and struc-
tural drawi ngs becone available, the detailed arrangenments
of piping systens are prepared. Interference control is
acconplished alnost entirely through. the use of space com
posites. Mockups are used in certain areas of Navy ships,
but, in general, have not proven to be as successful as
space conposites in controlling interferences. After inter-
ference-free paths have been established on the conposites
for all systems in a given space, information is lifted off
the conposites and individual system arrangement draw ngs are
prepared. Supplenental docunents are also prepared in the
form of general notes, standard details, and standard shipyard
procedures. The arrangenment drawi ngs and suppl emental docu-
ments together provide all of the information required by the

ship activities to install the piping systens. |Information
required by the shop activities to fabricate pipe assenblies
Is provided on separate pipe detail docunent.

Information required to prepare pipe details is taken
directly off the arrangenent drawi ngs and is input to the
Conput er Ai ded Piping Design and Manufacturing System ( CAPDANS) .
The output of this process is a conmputer-printed pipe detai
including all information required to fabricate a given piece
of pipe. For some contracts hand-drawn details are still pre-
pared. Pipe is normally detailed down to a size of 2 inches
(I.P.S.) in diameter

D. 6. 3 FABRI CATI ON

CENERAL -Piping fabrication-at Newport News Shipbuilding
is acconplished in one of three shops: the main pipe shop
fabricates the bulk of ferrous piping;, the copper pipe shop
fabricates copper and copper-nickel piping; and, the nuclear
pi pe shop fabricates and tests all nuclear piping. only the
mai n pi pe shop and the copper pipe shop are presently involved
in the piping fabrication process for commercial ships. The
processes in these two shops are basically the sane.

Shop work is planned and then scheduled to be fabri
cated 8 to 10 weeks prior to the scheduled installation aboard
ship. Shop planners provide shop work packages to conply with
schedul es, and shop material nen order out the pipe and com
ponents. for the packages. Pipe is nornmally cut to length i1
the pipe storage area and is delivered to the shop for
fabrication.

The CAPDAMS pipe details are the primary working docunents
used to fabricate piping. Each detail gives a conputer-drawn
picture of-the pipe and fittings to be fabricated, and al so
provides all material and fabrication data. Fabri cation



paraneters include |engths of pipe, bend angles, rotation
angl es, and types of joining techniques to be used. These
paraneters are arranged in order of execution and are
given in a formdirectly usable by the bendi ng machi ne
operator. This system has allowed the use of |ess-skilled
people to bend and fabricate pipe, and, in general, has
proven to be a very workable and cost-effective system for
t he pipe shops.

For bending of pipe in accordance w th hand-drawn
details, the bending machine operator nust possess the us
knowl edge and skill required to nmake necessary |ayouts and
cal cul ati ons.

COPPER PIPE SHCP - |In the copper shop, material fo

non-ferrous pipe work packages is assenbled by the naterial
men and is provided to the mechanic. Pipe requiring bending

I's grouped according to size to mnimze machine set up.

Copper; copper-nickel, -and nickel-copper pipe up to a size

of 6 inches (I.P.S.) in dianeter is processed on booster

benders, which permt bending to a radius of 2D; pipe from

6 inches (I.P.S.) to 14 inches (I.P.S.) nmust be bent to a

radi us of 5D on standard bendi ng machines in the steel

pi pe shop. Non-ferrous pipe is generally annealed in the

area of 2D bends prior to bending using hand-held torches. A

wat er - sol uabl e lubricant is used on all bending nachine

mandrels to facilitate pipe cleaning after fabrication.

Bent pipe requiring no further fabrication is cleaned
as required, tagged, capped, and shipped to either a desig-
nated storage area or directly to a material stop on the shinp.
Pipe requiring further fabrication is tagged and sent to the
appropriate work station. Fabrication activities at the
various work stations include extrusion of bosses, and brazing
or welding of fittings to the pipe.

End- preparati on equi pnent includes power band saws,
| athes, and boring mlls. \Welding equi prment includes both
TI G manual and sem -automatic units. Ceaning is done in
hot water rinse tanks. Handling equipment includes overhead
fl oor-operated cranes, post cranes, and nobile hand carts.

Pi pe hangers are made in a shop adjacent to the copper
shop . Non-standard or non-stocked gaskets can be nade in the
copper shop as required. Any special wooden tenplates that
may be required can also be made in the copper shop.
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STEEL PI PE SHOP - Job packages and material handling
are done in much the same manner as in the copper shop
End- preparation of pipe is done on Landis machines for
standard bevels. Fittings requiring machining are processed
on either a lathe or a boring mill.

Since the steel pipe bending machines do not have
booster capabilities, pipe processed on these machines -
14 inches (I.P.S.) in dianmeter and below - nust be bent to
a radius of 5D. No hot bending is done. A spiral bender
is provided for making heater coils.

Stress relieving-is acconplished by induction heating
as required. Ceaning is done-with wre brushes, acid, soda,
or hot water, depending on the application. \Wlding equipnent
ncl udes nmanual stick electrode and TIG sem -automatic eqt
ment. Chipping and grinding equipnent are provided in
fabrication area. Additional equipnment includes: band saws,
and a Stephen burning machine for cut-off, branch burning, ar
bevel ing; equipnent for hot-formng pipe reducers; various air-
powered cutters and grinders; and equipment for performng air-
and hydro-testing.

The present trend is toward nore subassenbly work to L
conpleted in the pipe shops. Gageboards, manifolds, and other
smal | subassenblies are being prefabricated but very few | arge
subassenblies are being prefabricated. aAsthe |evel of com
mercial ship production at Newport News Shipbuilding increases,
it is anticipated that prefabrication of |arge subassenblies
in the shops will be increased.

D. 6.4 | NSTALLATI ON

Structural subassenblies of LNG tankers are pre-outfit
to the fullest extent possible prior to erection. The Autokon
systemis utilized to pre-cut as many piping penetrations. as
possi bl e during the plate burning phase of structural work,
thus mnimzing field cuts. \Were possible, a straight pipe
run is made up in a length equal to a structural subassenbly
l ength and such that any expansion loop is |located at the enc
of the structural subassenbly. The pipe run is then passed
t hrough the pre-cut holes and hung in place. This nethod
greatly reduces the nunber of joints that have to be made
within the confined areas of the structural subassembly. Pi pe
hangers at the ends of piping runs are left |oose to facilitate
al i gnment as structural subassenblies are joined. Pipe bel ow
2 inches (I.P.S.) in diameter is field bent in accordance with
sket ches prepared by planners or nechanics aboard-ship .

D-18



D. 6.5 ACKNOALEDGEMENTS

The followi ng people were instrumental in preparing
docunentation on the piping technol ogy at Newport News
Shi pbui | di ng:

E. St ephenson
J Snyder
F Basni ght
L. E Wllians, Jr.
R Davis
J.
L.

mrrom

Edwar ds
B. Weaber
R S. (gl eshy



. SHIPYARDS
-GULF COAST-



SECTION D. 7
FACI LI TY SURVEY DOCUMENTATI ON
( DOVESTI C)
| NGALLS SHI PBUI LDI NG DI VI SI ON
OF
LI TTON INDUSTRIES , INC

D.7.1 | NTRODUCTI ON

A tour of the Ingalls Shipbuilding Dvision (Wst
Bank), located in Pascagoula, M ssissippi, was conducted on
Sept enber 30, 1975 for the purpose of collecting pipe
- technol ogy data. Additional data was collected via tel ephone
I ntervi ews.

In general; Ingalls-Wst specializes in the
efficient series production-of multiple ship contracts. The
pi ping design, fabrication, and installation activities are
all geared to this type of ship production. _ Although Ingalls-
West is currently involved only in Navy work, their con-
struction techniques are applicable to comercial work.

As of April 1, 1976, the follow ng ships were under
contract at Ingalls-West:

Quantity Type Propul si on Size
29 Destroyers (DD 963-92)
5 Anphi bi ous Assaul t
(LHA- 1-5)

A brief description of the piping design, fabrica-
tion, and installation activities at Ingalls-Wst is given in
the follow ng paragraphs. This description has been updated
as necessary to April 1, 1976.

D.7.2 DESIGN

The piping design process at Ingalls-Wst is quite
simlar to that at Newport News Shipbuilding. System diagrans
are first prepared. using information provided in the ship
specifications, contract drawings, and contract guidance
drawi ngs: Pipe sizes and flow data are determ ned by the
engi neers and added. to the system diagranms. "Prelimnary
material estimates are prepared fromthe diagrans and | ater
updated as the detail design progresses. A material ordering
schedul e is prepared and purchase orders are placed to secure
vendor supplied itens.
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The detail ed design of piping systens is acconplished
usi ng space conposites as the primary design tool. |t was
noted, however, that a highly-detailed scale nodel was used
during the design of the LHA ships. This nodel was built to
a scale of 3/4 inch = 1 foot and included nachinery and nost
ventilation, piping, and wreways. The nodel was nmade
readily accessible to the piping designers, who then prepared
detail ed space conposites fromthe information portrayed in
the nodel. After all conposites were devel oped, the node
was no |onger used as a design tool. The LHA. and DD963 O ass
ships being built at Ingalls-Wst are outfitted by nodul ar
subassenblies. This requires that the ship be divided into
modul es and each nodul e be divided into deck areas. For. each
deck area a conposite is prepared showing all nachinery,_
ventilation, and piping over 1-1/2 inches in dianeter. Muich
effort goes into devel oping and nmaintaining the conposites so
that interferences are elimnated in the design stage.

The preparation of individual arrangenent-draw ngs
for a given deck area follows the conpletion of the conposite
for that area. Each designer first draws a structural back-
ground to the sane scale as the conposite, and then traces a
system off the conposite onto the structural background.

Di mensi ons are scaled off the conposites and added to the
arrangenent drawi ng along with pipe and fitting nunbers,

group numbers, hole cut data, and general notes. The grouping
function of the design activity takes data fromthe various
arrangenent draw ngs and prepares conputer printouts for each
group and assigns group start and conpl etion dates.

The preparation of pipe details is primarily a
manual activity where the designer takes information off the
arrangenent drawing and draws a sinple sketch for each pipe
detail. It should be noted, however, that a system sinilar
to the Newport News CAPDAM System was devel oped and used at
Ingal I s-West until recently, when.it was abandoned. Although
pi pe detail sketches are not drawn manually, conputer print-
outs are still.provided to the shops which give for each
detail the pipe. sizes and |engths required; tangent |engths,
bend angles, rotation angles, and flange orientation data
Pipes to be ship-fitted to length are so marked on the sketch
and an al |l owance of 4 inches is provided at the joint to be

fitted.

After a given arrangenent drawi ng and rel ated pipe
details are conpleted, check prints are nade and subnitted
to the ship trades for review. The various trades do not

generally participate in the prelimnary design of a ship, and,
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for the nost part, depend heavily upon the design depart-
ments for the accuracy of the detail design information.

Thr oughout the piping design process no speci al
drafting techniques are used. Drafting quality was generally
good and drawings were legible. It was stated, however, that
a nunber of LHA drawings had to be redrawn because of dirt
accunul ation on the-plastic drafting film

D.7.3 FABRI CATI ON

I ngal | s-West has large outside storage areas for
both raw pipe and finished pipe assenblies. Raw pipe enters
one end of the pipe shop and is cut to length with a pipe .
cutoff saw or a plasnma cutoff. machine. Pipe detailing data
is placed in plastic bags which are. taped to the cut pipe -
sections to be processed. The pipe shop is equipped.wth
booster benders with a capacity up to 16 inches (I.P.S.)
in diameter. However, no 2D bending is used. After bendi ng,
pi pes are routed out of a side door of the shop for steam
cleaning to renove grease.

Pi pe wel ding appears to be conventional, except
for the TIG wel ding versus brazing of copper pipe. Autonmatic
wel di ng of sleeve penetrations was al so noted. Soda t anks
adj acent to work benches facilitate the cleaning of brazed
joints. Al work is routed to individual work stations by
material nmen in accordance with the production control schedul es.
Wl ded pipe is first tack-welded by the assenbly man and then
finish-welded at a separate work station

One itemof particular interest is a special hydraulic
device for extruding bosses on copper nickel and al um num pi pe
up to a wall thickness of .250 inches. An elliptical-shaped
hole is first burned at the |ocation of a boss. The pipe is
then clanped in a jig and an upper annul ar-shaped die Is placed
over the hole and clanped in place. The boss is forned by
pul ling progressively larger dies through the :hole and the
upper die. Although the device is designed so that matched
pairs of upper and.lower dies are used in progressively |arger
sizes, shop personnel indicated that only the final. size of.
the upper die is generally required to achieve acceptable
results. Turning rolls are used for annealing, and sprayer
are wused for quenching. .- -

Al though a | arge amount of finished pipe was noted
in outside storage areas, the shop was working two full shifts

to keep up with the work load. All jobs had target conpletion



dates assigned by production control to nmeasure productivity
and to establish shop manning |evels.

As noted earlier there is little participation of
the shop and ship trades in the iniital design of piping
systens. However, after the lead ship of a multiple-ship
contract is substantially conplete, production control
exam nes the various piping systems for the purpose of
elimnating joint and grouping individual pipes into |arger
pi pe subassenblies on the follow ships. Thus, the nunber of
ship joints is significantly reduced on follow ships.

D.7.4 | NSTALLATI ON

The nost inpressive feature of the Ingalls-Wst yard-"
.is the systemof pre-outfitting nodul ar subassenblies - a
' systemwhich. is unite anong U S. shipyards. "Modul ar sub-
assenblies consist of all structure between two designated .
transverse sections through the ship fromthe keel to main
deck. These nodul ar subassenblies are al nost conpletely pre-
outfitted before being joined to formthe conpl ete ship.
Pre-outfitting includes machinery, punps, piping, ductwork,
and local wireways. After nmodular subassenblies are com
pleted they are noved, along with staging, Progressively
closer to the launch site using notorized dollies on tracks.
Once all nodul ar subassenblies are joined, the entire ship
is moved via the dolly/track systeminto a floating dry dock
for launching. The fit-up of piping during the joining pro-
cess is facilitated by |eaving hangers | oose at pipe ends.
Deck houses are also pre-outfitted in nmuch the sane manner

D.7.5 ACKNONLEDGEMENTS

For their courteous cooperation in conducting a
tour of Ingalls-Wst and in providing hel pful information,
we Wi sh to thank the follow ng people:
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SECTION D. 8
FACI LI TY SURVEY DOCUMENTATI ON
( DOVESTI C)
AVONDALE SHI PYARDS, | NC.

D.8.1 | NTRCDUCTI ON

A tour of Avondal e Shipyards, Inc., located at
New Orleans, Louisiana, Was conducted on Cctober 1, and 2,
1975 for the purpose of collecting pipe technol ogy data.
Addi tional data was collected via correspondence and tele-
phone interviews. N general, Avondale appears to be a close-
knit organization which has been succcessful.in building a

wi de-range-of different ship types. as well as drill rigs.
Their piping process is one of the nost efficent in tf
shi pbuil ding i ndustry

As of April 1, 1976, the followi ng ships were undel
contract at Avondal e:

Quantity Type Propul si on Size
6 Tanker St eam Tur bi ne 165,000 dw
3 LNG St eam Tur bi ne 63,460 d
3 Product Carrier Steam Turbine 56,000 dwt
4 Drill Ship
5 Sem - subnersible -

A brief description of the piping design, fabrica-
tion, and installation activities at Avondale is given in the
foll owi ng paragraphs. This description has been updated as
necessary to April 1, 1975.

D. 8.2 DESI GN

The preparation of system diagrams and the process
of making prelimnary material estimates is basically the
sane as for other. shipyards-surveyed. Al though conputer
prograns are used for stress and flexibility analysis, no
ot her conputer-aided design tools are used. Avondale relies
heavily upon a highly-skilled conposite group to work out
machi nery and piping layouts to such a level of detail ar
accuracy that very fewrevisions are ever necessary to. cor-
rect shipboard interferences. Conposites are drawn to a
scale of 3/4 or I-inch = 1 foot on a background reproduced
froma working structural drawing. Normally, plan views and

transverse sections are all that is required to portray an area,
very few elevations are used. Because of the high degree of



accuracy obtainable with the scales used, |ayouts are con-
sidered to be final and, in general, no changes are permtted
unl ess cleared by the conposite group.

Arrangenent drawi ngs are prepared by first having
the conposite group highlight a given systemon a blueline
print of the conposite. The print and a sepia reproducible
of the sane conposite are then submtted to a draftsnman who
then goes over the sepia to darken up all linework related
to the systemhighlighted on the print. The area of the sepia
depicting the systemis then cut out and taped onto plastic
drawing film which, after the addition of a title block and
pertinent design information, becones a conplete arrangenent
drawing. Pertinent design information includes dinmensioning,
general notes, naterial lists, and -pipe detail identification

LEAMINW T o

. . - ° _/ - . . . . . .

Pipe details are generally made neat; that is, no
ship fit-up allowance is given on most details. Fittings or
" flanges at especially tight joints are sometimés designated
on the pipe details to be left loose. It was stated that
approximately 90 percent of all pipe details for a given ship
are installed under this method with no fit-up problems during
installation; the remaining.l0 percent generallv recuire onlv
mnor rework to fit properly. Design, fabrication, and
installation personnel all agree that this is a very-workable
and cost-saving nethod requiring little additional work in
the field. Savings in material, fabrication, and installatior
Labor appear to be significant. The lack of field welds noted
on the ship verified this.

Avondal e does not consider the use of nodels to be
a workabl e, cost-effective design aid. Cost is considered to
be prohibitive, especially since the end product nust still be
portrayed in sonme graphical form

A close working relationship between design and
the production trades facilitates the resolution of problens
related to fabrication and installation during. the design.
phase. Problems occurring during fabrication or installation
are often worked out on the spot. through mutural understanding
and agreenent.

Pi pe details are drawn freehand on conputer-printed
forms, which contain all material and fabrication information
required to make up the details. Input data for such infor-
mation is taken fromthe arrangenent draw ngs.
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D.8.3 FABRI CATI ON

Raw pi pe enters the pipe shop froman outdoor
storage area. Usually one bay is utilized for copper and
copper - ni ckel pipe, and another bay is used for steel pipe.
Pipe is cut to length in accordance with a job order and is
sent to the fabrication or bending areas. Bends are made on
2D and 5D booster benders. End preparation is done wth
torches. A Steffan nunerical control plasma arc cutting
machine is used for stainless steel- and copper-nickel pipe.
This machi ne al so makes cuts for branches, saddles, and

mters.

Very small anounts of easy-bend |ubrication are
used; pipes are not cleaned-after bending or brazing but. are
generally -cleaned-just prior to coating. Plastic pipe caps
are used after fabrication..is conplete but did-not appear
hold up well in the field.

Avondal e manufacturers nost of its own gaskets in

a special area of the pipe shop. Gaskets are manufactured
during slack periods in the pipe-shop in order to fully

to

utilize shop personnel at all tines. The gaskets are punched

out with a special hydraulic press fitted with interchangeabl e
dies. Flexitalic and high-pressure gaskets are purchased.

Steel pipe is normally cut freehand with a propane
torch and is then end-prepared with grinders. \lding is
done manually in the pipe shop. However, seni-autonmatic
wel di ng of pipe is done by the wel ding departnent. Backi ng
rings are used for steel, and consumable inserts are used
for copper-nickel

Pipe fabrication is acconplished by highly-skilled
pipe fitters. Prepared pipe and all fittings required to
conplete a job order are palletized and noved to the pipe

. fitter work stations by material men. Fabricated pipe

requiring welding is tack--welded by the pipe fitters and then

sent to the welders for final welding. After welding, pipe
is sent to an X-ray booth at the end of the shop. After
X-ray, pipe is strapped to pallets and sent to storage.

One itemof particular interest is the use of
flared joints in lieu of couplings for copper and copper-
nickel pipe. This nethod requires only half the number of
joints required by the use of couplings or sleeves. The
method is used extensively for both shop and ship joints
and appears to be quite cost-effective.
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Avondal e is presently fabricating and installing
all cryogenic piping on their LNG tankers. For argon purging
of joints during welding, a special blank-off rig is utilized
to confine argon to the immediate vicinity of the welding.
process, thus conserving argon. Al though the shop welding
of cryogenic piping is going snoothly, the pipe shop personnel
were concerned over the field-welding problenms. Also, they
did not find that TIG wel ding offered any savings over brazing.

In general, the pipe shop appeared to be adequate
and the workmanship good. Al though work consists nostly of
detailed pipe, some smaller work (such as manifolds) is also
done. The shop is hoping to-work with design to nake greater
use of nodul ar subassenblies. Shop inprovenments are under
study and it appears that inprovenents will be in the area
of greater automati on.

D. 8. 4. | NSTALLATI ON
A tour of an LNG tanker-under construction at
Avondal e was conducted. In general, there were no problens
of congestion. In fact, the large nachinery spaces required

that special rigging be used to handle the |arge piping.
Heater coils, nmounted on the platens, appeared to be of good
arrangenent and workmanship. Piping not fitted up on a
platen is left |oose. Standard hangers are used in nost
cases. |t was noted that 3 inch x 4 inch (or larger) angle
bar hangers were used to support both piping and ventilation
ductwork. This is an innovative method which has been
approved by the regulatory bodies.

Several punps, valves, and fittings were not yet
installed - Avondale suffers fromthe same problem of materia
availability as other shipyards. Avondale does not generally
subcontract work. However, it was noted that containment on
the LNG tankers is being installed by an outside contractor.

Scheduling of both the shop and ship activities is
acconpl i shed by production control. As erection dates and
fabrication schedules are rel eased, the shop planners work out.

i ndi vidual job orders for the pipe shop. The production
engi neers assign target manhours for all jobs and it appeared
t hat budget manhours equal ed actual manhours in nost cases.
It was noted, however, that additional manhours for ship work
had been requested for the underestinated rigging and handling
of large piping in the machi nery spaces.
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As material becones available for a particular job
it is packaged and sent to the shop by job nunber. Al
finished details are netal -tagged. Heavy tags are used
for this purpose and are made by hand using punches. Pipe
ready for installation aboard ship is brought to the ship on
pal lets. This appeared to be a good nethod of handling pipe
in job orders. The systemis sinple, requires few people,
and seens to satisfy both the fabrication and installation
activities.

D. 8. 5 ACKNOALEDGEMENTS

For their kind assistance in conducting a tour of
Avondal e and in providing helful information,we wish to

t hank t he foll owing peopl e:
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M Jimnez
P. Beertson
R.  Roux
R Duhon
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SECTION D. 9

FACI LI TY SURVEY DOCUNENTATI ON
( DOVESTI C)

NATI ONAL STEEL- AND SHI PBUI LDI NG COMPANY

D.9.1 | NTRODUCTI ON

A tour of National Steel and Shipbuilding Conpany
(NASSCO), |ocated at San Diego, Cal i forni a, was conduct ed
on February 4, 1976 for the purpose of collecting pipe

technol ogy data. Additional data was collected via telephone
i nterviews.

In general, NASSCO is one of the nost progre:
shipyards in the--country, especially in the areas of design
and production. control. They are presently involved in bo

commercial and Navy work and appea to handle both with a
hi gh degree of efficiency. T

As of April 1, 1976, the follow ng ships were under
contract at NASSCO

Quantity  Type Propul si on Si ze
2 Tanker Steam Turbine 53,725 dwt
10 Tanker Steam Turbine 89,700 dwt
2 Tanker St eam Tur bi ne 150, 000 dwt
2 Tanker St eam Tur bi ne 190, 000 dwt
1 Repl eni shrent
Oler (ACR-7)
1 Destroyer

Tender (AD-41)

A brief description of the piping design, fabrication,
and installation activities at NASSCO is given in the follow ng
paragraphs. This description has been updated as necessary tc
April 1, 1976.

D.9.2 DESI GN

NASSCO pl aces great enphasis on the accuracy and
conpl eteness of their systemdiagrans. A System Design Meno
is prepared prior to the preparation of a particular System
diagram This System Design Menp contains the title of the

system a listing of the objectives of the system a listing

of -the required approval authorities, a listing of apgl ié:able
references, the results of engineering ¢alculations “and -a

sketch of the systemto be depicted on the diagram specific
instructions to the design activity on further action to be



t aken upon recei pt of the conpleted System Design Meno,
a listing of interconnecting diagrams, and any specia
notes or other related descriptive matter. In addition to
the System Design Meno and diagrans, the engineering staff
prepares a Specifications Design Paranmeters docunment which
very clearly defines each piece of equipnment which nust be
bought for each system  This-docunment contains the nane of
the equipnent required, a brief description of the equipnent,
a listing of the technical details of the equipnent, all
vendor information that is required, a listing of equipnent
I nterfaces, and any additional information that may be
required to effect proper procurenent of the equipnent.
Thus, the System Design Meno, the systemdiagram and the
Speci fication Design Parameters document, all serve to
clearly define and-portray a given-system and its conponents.
The diagrans al so serve as approval docunents.

NASSCO relies on tespace Conposite for its inter-
ference control method. Machinery_ space conposites are
generally handled by one person. The techniques wused to pi
pare conposites differ somewhat from those observed at other
shipyards. A blueline print of the background structure for
a particular conposite area (drawn to a scale of 3/8-inch =
1 foot) is first obtained and covered with-a sheet of tracing
vellumto formwhat is called a "conposite worksheet”. An
order of priority is assigned to the various systens. that go
into the conposite area, and then the systens are drawn on the
wor ksheet in the order of priority by conpetent designers,
each of whom nust clear his systemwth all other systens
already on the worksheet. Wen all systens have been cleared
on the worksheet, a final conposite is prepared and issued as
a finished reference docunent for any subsequent changes.
Fi ni shed arrangenent drawi ngs are prepared by the designers
and issued only after the conposite is finalized. NASSCO
does not use nodels or mockups. Also, pipe details are pre-
pared by the fabricating activity.

NASSCO uses several conputer prograns. |ncluded
are the M.Q and SLQ prograns for pressure |oss and pipe .
si zing, AUTOFLEX and TRIFLEX for stress; and proprietary
heat bal ance. and ventilation progranms. A so, a proprietary.
cargo system unloading tinme program (PROS) is used.

The nost significant problem area noted” was the
| ack of standardization of marine conponents such as punps,
valves, and fittings. This problemoften disrupts fabri-
cation procedures when procurred conponents differ fromthose
upon which detail design was based. Al so noted was the poor
quality of vendor draw ngs.



D.9.3 FABRI CATI ON

As noted previously, pipe details are prepared by
the fabricating activity. The preparation of pipe details is
carefully integrated with NASSCO S excel |l ent production con-
trol system The pipe detail group of the pipe shop deternines
fromthe finished arrangenent draw ngs where breaks are to be
made to define the separate pipe details. Piece nunbers are
then assigned to the details. Al of this data is marked on
a print of the arrangenent drawi ng, which is sent back to the
design activity. This data is then added to the original of
the arrangement draw ng.

The production control activity at NASSCO nmi ntai ns

tight control over the fabrication sequencing required to
produce finished pipe details. This is acconplished by
determning all steps that wll be required to produce each
pi pe detail. A-set of conputer instruction cards are tl
produced which are used to print out specific instructions

to all activities involved in fabrication process, including
those activities which nust provide all required naterial.
Instructions are issued at a tine and in a sequence that

wll effect an efficient fabrication of pipe details. Pi pe
details are conbined into work packages by the production
control group. Wrk packages are assigned nunbers and
instructions are issued to the pipe shop on their assenbly

just as for the individual pipe details.

The pipe shop at NASSCO is well. laid out and

operations appear to be efficient. |t was stated that the

pi pe shop is adopting a systemof pre-cutting pipes to

length in the storage area. A Vernon Pantograph is used for
cutting saddl es and branches. An Arrowsnith pipe expander

is used for flaring the ends of copper-nickel and steel pipe.
The pipe shop is equipped with excellent custombuilt work
benches which facilitate fabrication. Al so, NASSCO maekes its
own gaskets on a Hytronic 50 Series USM press. O her equip-
.ment includes the usual saws and bendi ng machines with a
capacity of 1/2 inch to 12-inches (I1.P.S.) in diameter. Steel
pipe is bent to a radius of 5 ; copper and copper-nickel pipe
is bent to a radius of 3D

D.9.4 . | NSTALLATION
A ship tour was not conducted. However, discussio

with installation personnel indicated that installation of
piping is done in a basically conventional manner.
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SECTION D. 10
FACI LI TY SURVEY DOCUMVENTATI ON
( DOVESTI C)
TODD SH PYARDS CORPORATI ON
LOS ANGELES DI VI SI ON
SAN PEDRO YARD

D.101 | NTRODUCTI ON

A tour of the San Pedro Yard of Todd Shipyards
Corporation, located in San Pedro, California, was conducted
on February 3, 1976 for the purpose of collecting pipe
technol ogy data. Additional data was collected via tele-
p hone i nt er views. 7 .~

In general, Todd-San Pedro is a.snmall, but. capable
yard presently involved in the construction of small tanke
Todd-San Pedro is also a nmajor Wst Coast repair yard. They
are making significant progress in upgrading facilities and
production techniques in order to become nore conpetitive
over a wi der range of ship types and sizes.

As of April 1, 1976, the follow ng ships were under
contract at Todd-San Pedro:

Quantity Type Propul si on Size
4 Tanker Di esel 35,000 dwt

A brief description of the piping design, fabri-
cation, and installation activities at Todd-San Pedro is
given in the follow ng paragraphs. This description has
been updated as necessary to April 1, 1976.

D. 10 2 DESI GN

Todd- San Pedro’s design and engineering staff
handl es a variety of work, including ship repair/conversion
sonme revision work on draw ngs supplied by the design agents,
and pipe details. Some difficulty in naintaining an
efficient design agent/shipbuilder relationship was noted.
This difficulty is due-primarily to the limted conmunication
between. the two activities - a problem shared by many ship-
buil ders not in close proxinity with the design agent. Si nce
little new design work is done, design nethods are kept sinple
and conventional.



D.10.3 FABRI CATI ON

Pi pe shop work is organized into individual job
packages, which includes all required material and | abor.
Pipe is cut and fabricated by the shop nechanics in
accordance with pipe details prepared by design. Cargo
pipe is cut and beveled at a facility outside of the pipe
shop . Pipe benders are capable of handling pipe up to 8
inches (1.P.S.) and over. Swaged joints in heater coils
were made by using hand tools with special mandrels. Sone
problens with the quality of brazed joints were noted, but
the shop is planning to set up a training programto
alleviate these. The shop also fabricates PVC piping;

-heating is done with hand-held torches. Wrkmanship on this
pi ping was very good.

The pi pe shop buys gaskets, except those used for
ship repair. Hangers are also bought, but they do have the
capability of producing hangers in their Dblacksmth shop.

It was al so noted that nanifolds were fabricated and tested
In the shop, but gageboards were fabricated and tested on
t he ship.

D. 10 4 | NSTALLATI ON

A tour of a 35,000 dw diesel-driven tanker was
conducted. A large anmobunt of service piping for the diese
engi nes was noted, which required fairly close interference
control in sonme areas. Piping was generally arranged well
and workmanship appeared to be good. No special techniques
wer e observed.

D.10.5 ACKNOWNLEDGEMENTS

W wish to thank the follow ng peopl e who nade
our tour of Todd-San Pedro both enjoyabl e and productive:

W Burns - Assistant General Mnager for Operations
A. Monfal cone - Chief Planner

W. Beyer - Pipe Shop Forenan

J. Druskovich - Assistant Pipe Shop Foreman
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) ' -SECTION D.1ll
FACILITY SURVEY DOCUMENTATION
(DOMESTIC)
FMC CORPORATION

D.11.1 INTRODUCTION

A tour of the Marine and Rail Equipment Division of
FMC Corporation,located in Portland, Oregon, was conducted
on January 30, 1976 for the purpose of collecting pipe
technology data. BAdditional data was collected via telephone
interviews. . . ' '

. FMC is a 1eadiﬂg builder of.bargeé and has recently .

entered the small tanker market. FMC has éxperienced some
“ unique problems with their sudden entry into the shlpbulldlng .
* industry under rather adverse conditions, but seems to be

doing a remarkably good job in overcoming these problems.
They are presently the only U. S. builder of gas turbine/
electric commercial vessels.

As of April 1, 1976, the follow1ng ships were undex

. contract at FMC.

Quantity Type Propulsion . Size
-5 Tanker Gas Turbine/Electric 42,000 dwt
4 * Barge - -

A brief description of the piping design, fabrication,
and installation activities at FMC is given in the following
paragraphs. This description has been updated as necessary
to April 1, 1976. '

D.1l1l.2 DESIGN

FMC has had to rely on a limited design staff for
their first ship contract. Since the bulk of design work
has been subcontracted out, very little information could
be obtained in this area. It was noted, however, that their

_present design practices require a pre-fit. of finished pipe

assemblies before £inal installation. It is probable that
this requirement will diminish as a more extensive design .
staff is developed. I
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D.11.3 FABRI CATI ON

Because of the limted shop facilities, FMC is
relying heavily upon we use of elbows and mtered joints
inlieu of pipe bends. Pipe is cut and end-prepared in the
shop, but nost fabrication nust be done on ship to ensure .
proper fit-up. The epoxy-lined steel pipe used on the
tankers is bought pre-lined and is also cut to length in
t he shop.

The nost severe problem associated wth fabrica
tion seems to be the extrenely poor quality of purchased
valves and fittings, which often have to _be reworked before
final installations Another problem noted is the |ack of
- skilled shop Workers.

“D11:4 I NS TALLATI ON

A tour of one of FMC's 42,000 dwt tankers. was
conducted. Despite the many problens noted, final shipboard
installation of piping appeared to be of reasonably good
quality. Piping arrangenents were exceptionally good.

Most piping is hung on standard Nel son or Ginnell hangers.
One itemof particular interest is the use of fiberglass
pipe for the ballast systems. This pipe is fabricated with
threaded fittings and appears to hold up quite well under
normal shipboard conditions. Although a hard blow with a
sharp object can damage the pipe, it isfairly inpervious
to welding and brazing sparks. Another item of speci al
interest is the use of pre-fabricated toilet nodules in

the crews’ quarters. These nodules are easy to instal

and appear to be of exceptionally good quality.

D.11.5 ACKNOWLEDGEMENTS
/
For their excellent cooperation and efforts to

make our survey of FMC a Significant contribution to the
Task S-4 project, we wish to thank the foll ow ng peopl e:

C. Boykin - Ceneral Manager
E. Dunston - Piping Superintendent
R” Mner - Test Engineer

J. Lannon
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SECTION D. 12
FACI LI TY SURVEY DOCUMENTATI ON
(DOVESTI C )
LOCKHEED SHI PBUI LDI NG- AND CONSTRUCTI ON COVPANY

D.12.1 | NTRODUCTI ON

A survey of Lockheed Shipbuil ding and Construction
Company, located in Seattle, Washington, was conducted on
January 29, 1976 for the purpose of collecting pipe technol ogy
data. Additional data was collected via tel ephone interviews.

Lockheed is presently involved in the construction .~-
of Navy subtenders and icebreakers. and in repair of all types
of vessels.” Although their piping. design activities are.
l[imted, they appear to be efficient and quite flexible to
suit the wvariety of work they handl e.

As of April 1, 1976, the follow ng ships were under
contract at Lockheed:

Quantity Type Propul si on Size
2 Sub Tender (AS 39-40)
1 Coast Cuard | cebreaker

A brief description of the piping design, fabrica-
tion, and installation activities at Lockheed is given in

the follow ng paragraphs. This description has been updated
as necessary to April 1, 1976.

D.12.2 DESI GN

Diagrans are prepared in the usual manner and for
the usual purposes of system portrayal, material ordering,
and regul atory body approval. Except for stress calcul ations;
all calculations are prepared manually: Related systems are
grouped and are usually under the responsibility of one person.

Interference control for a specified area is
acconplished by a rather unique device called an “aquariuni.
An aquariumis essentially a conposite drawn on plexiglas
sheets each of which represent a horizontal section through
the conposite region of the ship. Strata are spaced two
feet apart, starting fromthe keel and going up to topside.
The plastic sheets representing these strata are stacked in
the sane order in a frame, which is then placed near the
designers involved with that region of the shinp. If Interference
free paths can be determ ned easily by sighting through the



J

‘D.12.3° FABRICATioﬁ E ;;'-tff'ahx‘: T :

various layers of the visual model. This system of inter-
ference control seems to work especially well for the modular
construction that Lockheed is using, since aquariums can
easily be built to suit the modular structural subassemblies.

Pipe details are prepared by tﬁe production planners
in the shop. Pipes are detailed down to a size .of 1-1/2
inches in diameter (I.P.S.) and are bent to a radius of 5D.

Design problems noted were -the lack of skilled
designers and engineers, the overcritical nature of the
U.S. Coast Guard, and problems with the local unions. Also
noted were the long lead time required for pumps and the
lack .of dlmen51onal cons13tency of plplng cemponents from -
varlous vendors. . : . :

ke’ ‘

. ~ In general, ‘the pipe'shopfis comparable to most
pipe shops surveyed, with no special techniques utilized.
Pipe is stored qutside and ordered by the pipe shop as
needed. The storage of components prior to fabrication is
neat and orderly, and there seems to ke a good system for.
providing all of the material required for fabrication in a
timely and economical manner.

The shop is arranged well with processing )
essentially straight-line. Pipe is cut to length in accor-
dance with job orders using either torches or cutoff saws,
depending upon the material. End-preparation is done with
torches and grinders.

Pipe bending is done in a conventional manner to a
radius of 3D or 5D. Non-ferrous pipe and fittings are -
fabricated via conventional brazing techniques. Ferrous’
pipe . is first tack-welded in the shop and then finish-welded

on the ship after fit-up. After pipe shop fabrication is

complete, fabricated pipe is assembled- into groups t& be -
sent to storage or.the ship.

D.12.4 INSTAiLATION

Since no commerc1al ships are under construction
at Lockheed a ship tour was not ' conducted. . However,
discussions with installation personnel lndlcated that”
conventional techniques are utilized to hang, join, and
test pipe on their Navy ships.
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SECTION D.13
FACILITY SURVEY DOCUMENTAT ION
(DOMESTIC)

TODD SHIPYARDS CORPORATION
SEATTLE DIVISION

D.13.1 INTRODUCTION

A tour of the Seattle Division of Todd Shipyards
Corporation, in Seattle, Washington, was conducted on January
28, 1976 for the purpose of collecting pipe technology data.

_Agditional_data was collected via telephone interviews. -

- Todd-Seattle is a small yard which builds a variety. - .

. of Navy'and~c6mméréial vessels up to 450 feet in length.
. They are ‘alsc a major West Coast ship repair facility.

Approximately 80 percent of Todd-Seattle's work is commercial
ship repair and conversion. - :
'l
As of April 1, 19756, the followihg ships were under
contract at Todd-Seattle: '

Quantity Type . Propulsion Size ’
1 Navy Hydrofoil (Conversion) . - -
1 Phosphate Carrier _ - -
(not given) Barge - -

A brief description of the piping design, fabrica-
tion, and installation activities at Todd-Seattle is given
in the following paragraphs. This description has been up-
dated as necessary to April 1, 1976. '

D.13.2 DESIGN .

Todd-Seattle's design activities often involve the
use of Navy design agents.. However, their design/engineering
staff also appears to be quite capable of handling all aspects
of original design. _Piping design activities follow the
traditional pattern of most other yards surveyed.

Diagrams -are used for the usual functions of por-
traying overall system characteristics, making material -
estimates, and obtaining regulatory body approvals. Manually-
prepared three-view orthographic arrangement drawings are used.
Interference control is primarily through close designer liaison.
all calculations are prepared manually. No special drafting



techniques are utilized. Pipe details are prepared by the
shop. .

One problem noted was the need for standards for
valve operating gears, valve handwheel stems, and valve turn
requirements. Long lead time requirement of marine piping
components was also noted. " Also, Todd-Seattle would like
to see regulatory body approval on the use of commercial

" valves for marine applications.

D.13.3 FABRICATION

All pipe details are sketched and planned by a shop
planner, who receives work orders from production .control

. and schedules-work accordingly for.the shop. Pipé. details z are -
9prepared on standard forms and grouped in booklet form by

- system. - ‘Fabrication -status is also malntalned on the forms.
" A two-inch template .end is allowed ‘at all structural breaks

and at "tight joints; most :P-1 piping is templated. Piece
numbers are assigned to all pipe details, and metal identifi-
cation tags, prepared by thé electrical department, are sent
to ‘the shop in the job order packages. Material men obtain
pipe and all compohents prior to releasing a job order for
fabrication. Generally, shop work is planned to be completed
8-10 weeks before needed by the ship.

Pipe, 6-inches (I.P.S.) in diameter or less is bent
to a radius of 5D or 6D on Wallace benders. Some hot bending
is done on pipes over 6-inches (I.P.S.) in diameter. End
preparation is done with grinders.

Some small subassemblies, such as gageboards,

.reducing manifolds, and air stations are made up in the plpe

shop. A pipe shop annex, which contains a small clean room,
is used for stainless steel pipe. .

Gaskets are normally bought. Hangers are.made,
although some con51deratlon is- belng glven to buymng hangers -
on future contracts.

Steam is used for pipe cleaning before and after i
fabrication. - After fabrication all piping is palletlzed ‘for

) dellvery to the ship.

D.13.4  INSTALLATION e -

A tour of the Navy hyd:rofoil vessel was conducted.
An -impressive orbital welder, made by Dimetrics and loaned by
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the Navy, was being utilized to weld heavy-walled hydraulic
piping. It was noted that resulting joints do not have to
be X-rayed, since all required weld quality data is recorded
on a strip chart on the unit’s main console as the joint

Is welded. Although the wel ding was being done in the
machi nery space, the console was |ocated on the main deck.

Anot her itemof particular interest was we use of
fiberglass pipe in lieu of galvanized pipe. A run of 4-inch
dianeter fiberglass circulating water piping was noted to be
of exceptional quality and durability. Pipe is end-prepared
and gl ued easily on the ship, with no apparent problens.
Appearance is good so that no painting is required. Todd-
Seattle al so uses Devron Milti-Tube extensively for gage
lines, control air-systens, and tank |evel indicating systens.

D135, ACKNOWLEDGEMENTS

For their-contribution--to the Task S-4 effort we
wi sh to thank the follow ng people: alal

Schaefer - Production Manager

Hesel tine - Machinery Goup Supervisor - Engi neeri
Lynch - Assistant Production Manager

Larson - Foreman - Pipe Shop

Craig - Assistant Foreman - Pipe Shop .

Met hven - Pipe Detailer

“ommz>o T
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SECTION D.14
FACILITY SURVEY DOCUMENTATION

‘ (DOMESTIC)

GIBBS AND COX, INC.

D.14.1 INTRODUCTION

A brief interview with representatives of Gibbs and
Cox, Inc., located in New York, N.Y., was held on February 17,
1976 for the purpose of collecting data relative to design agent
functions and design practices. The following paragraphs pro-

‘" vide a summary of findings.u —

D.14:2. - DESIGN AGENT FUNCTIONS - o

s

Glbbs and Cox, Inc. performs‘EBth basmc deSLgn work
for prospectlve owners and detail design work for the ship-
- builders. Aas a representatlve for the owner, they work closely

" with the owner to ensure that the basic design of a ship meets

all of the owner's requirements. They also work closely with
the shipbuilder to ensure that detail drawings are compatlble
with the shipbuilder's capabilities. -

"D.14.3 DESIGN PRACTICES

For the purpose of performing design work, the design
staff at Gibbs and Cox, Inc. is divided into hull, machinery,
and electrical - weapons groups. Structural background drawings,
pre-printed on vellum via a photographic process, are used by
each of these groups to prepare their arrangement drawings. For
_ piping design, color-coded design control maps are used for
interference control. This is essentially a comp051te worksheet
upon which systems are portrayed by colored linework. To warn
the prospecti¥e shipbuilder of any especially congested areas,
so-called "zero-clearance areas" are clearly marked-on the
arrangement drawings. Notes and .other written matter are typed
on transfers using an IBM typewriter. '

D.14.4 ACKNOWLEDGEMENTS

We wish to thank the following people wﬂo took. time

" out from-busy schedules to prov1de us thh ;nformatlon on

Gibbs and Cox, Inc.. . -

J. P. Doyle - Vice President and Chief Engineer
W. Kataryniak - Department Head, De519n Department -
Machinery Division .



SECTION D. 15
FACI LI TY SURVEY DOCUMENTATI ON
( DOVESTI C)
J. J. MMULLEN, | NC

D.15.1 | NTRODUCT! ON

A brief interviewwith representatives of
J. J. MMullen, Inc. , located in New York, N Y., was held
on February 18, 1976 for the purpose of collecting data
relative to design agent functions and design practices.
The fol |l ow ng paragraphs provide a summary of findings.

D15.2 DESI GN AGENT FUNCTI!I ONS

J. J. Milllen, Inc. acts primariiy as a repre-.
sentative for the owner, and therefore does not usually
become greatly involved in detail design work. They work
closely with the owner and regulatory bodies to ensure that
the basic design of a ship nmeets all requirenents. W asked
themto coment on any problens that owners have noted
relative to the quality of work performed by the shipbuilders.
In response to this question they stated that owners are
generally not satisfied with the quality of instruction
manual s provided with the ship by the shipbuilder. Another
probl em noted was the shipbuilder’s incorporation of detai
design features which are not conpatible with the owner’s
requirenents.

D.15.3 DESI GN PRACTI CES

Desi gn work involves the preparation of system

di agrans and material specifications, both in a basically
conventional manner. One problemrelated to piping design
that was noted is the fact that regulatory body requirenents
often provide too many choices in the selection of materials
for a particular system The linmtation of one material for
a given systemmght |ead tonore standardi zation throughout
the shipbuilding industry and i nprove material availability.
The use of Schedul e 40 carbon steel pipe could be replaced
by the use of Schedule 80 black iron pipe for many services.
Fi bergl ass pipe could be used for cooling water, main cir-
cul ating water, patable waterand all non-vital services.
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D.15.4 ACKNOWLEDGEMENTS

For their kind assistance in providing us with
information on the activities of J. J. McMullen,.Inc., we -
wish to thank the following people:

G.
Jd.

E.
E.

Knight - Vice President

C. Halfmann - Technical Assistant, Engineering
Division

Kierenia - Department Head, Engineering Support

E. Lithen - Systems Engineer :
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.in designing piping systems.

SECTION D.16
FACILITY SURVEY DOCUMENTATION
(DOMESTIC)
M. ROSENBLATT AND SON, INC.

D.16.1 - INTRODUCTION

A brief interview with representatives of M.
Rosenblatt and Son, Inc., located in New York, N.Y., was
held on February 18, 1976 for the purpose of collecting
data relative to design agent functions and design practices.
The following paragraphs provide a summary of findings.

D.16.2 DESIGN AGENT FUNCTIONS -

- M. Rosenblatt and Son, Inc. serves both as a bastc

1des¢gn agent .for.ship owners, . and’ as a detail design agent
* for shipbuilders. In some cases, getailed piping design.

includes pipe details..

D.16.3 DESIGN PRACTICES -

Diagrams- are prepared in a conventional manner for
the usual purposes of system portrayal and regulatory body
approval. Interference control is primarily by designer
liaison; no composites are used. Arrangement drawings are
prepared on reproducibles of the ship structural drawings.

) They feel that some pipe sizes in the range of
0-4 inches (I.P.S.) could be eliminated in the interests of
standardization, but that elimination of some pipe sizes
above 4 inches (I.P.S.) would not allow sufficient flexibility

Problem areas noted were the lack of uniform
requirements/among the regulatory bodies and the need for
more .standardization. The idea of a composite specifications
document  seemed to be appealing to this design agent; they
suggested that the VSMF Microfilm Company might be. able to
prepare and maintain such a document at- a reasonable COsﬁ.

D.16.4-  ACKNOWLEDGEMENTS
For thelr cooperation in provxdlng us with infor-

mation on M. Rosenblatt and Son, Inc., we wish to thank the
following people:

N. Maniar - Technical Vice President
A..Isaacson -~ Head, Marine Engineering
.. Basic Ship Design Group
“A. Mannino - Section Head, Machinery and Piping .



SECTION D.17
FACILITY SURVEY DOCUMENTATION ) -
(DOMESTIC)
GEORGE G. -SHARP, INC.

D.17.1 INTRODUCTION

2 brief interview with representatives of George
G. Sharp, Inc., located in New York, N.Y., was held on
February 17, 1976 for the purpose of collecting data
relative to design agent functions and design practices.

. The following paragraphs provide a summary. of findings.

D.l7._‘2‘ DESIGN-AGENT FUNCTIONS “: :. - S L=

—

) George G. -Sharp, Inc. Serves only as.a-basic design --
agént for ship owners, and therefore does not-usually become
involved in the detailed design of a ship. During the inter-
view they mentioned several problem areas that owners have
noted. One problem is the poor quality of ship instruction.
books received from the shipbuilder. Another problem is the
incompatibility of some shipyard methods with owner require=-
ments. For example, one owner preferred that the shipbuilder
use screwed fittings in lieu of welded fittings because the
ship was to be used on trade routes where qualified welders
were scarce and therefore maintenance on welded systems would
be a problem. Also noted was the owner's reluctance to use’
novel methods over well-proven methods, since a failure due
to an unproven method could result in a disastrous loss of
revenue from the ship. i

D.17.3 DESIGN PRACTICES

" George G. Sharp, Inc. generally provides only the
ship detail specifications and the system diagrams to the
shipbuilder. .No special techniques are utilized to-prepaie
the system diagrams. - : -

This design agent’ felt that some form of composite
specifications document was desirable. They also felt ‘that

.

the use of galvanized pipe should be eliminated, and thut the

use of plastic and fiberglass pipe should be increased.



D.17. 4 ACKNONLEDGEMENTS

We wish to thank the follow ng people for their
time and efforts in providing us with information on George
G Sharp, Inc.

G Gblon - President

Chin - Chief Mrine Engineer

G adil one - Assistant Chief Marine Engineer
Enberton - Marine Engi neer

Misci ano - Chief Mechanical Dr aftsman

R
A
C.
G
W
H. HIlliker

>>mm
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.SECTION D.18 ——
FACILITY SURVEY DOCUMENTATION . -
- (DOMESTIC) -

CRIPPEN PIPE FABRICATION CORPORATION

D.18.1 INTRODUCTION

A tour of Crippen Pipe Fabrication Corporation,
jocated in Brooklyn, New York (Brooklyn Navy Yard), was
conducted on February 19, 1976 for the purpose of collecting
data on the Crippen methods of pipe fabrication.

Although the plant was shut down for the day, we
were given a slide presentation which described the evolution
and present status of the. company. : We were-also given a

Tt —

commercial brochure which describes the ©overall Crippen .. .

process. For completeness, this brochure is in¢luded herein

and .related comments are noted in the folloWing-paragraphs.
D.18.2 FACILITIES, EQUIPM?NT, AND PERSONNEL

In general, facilities at Crippen are geared for
high-volume hot pipe bending and fabrication. We found that
the facilities described in the brochure were well-equipped
and arrangements were designed for maximum efficiency.

Mr. Crippen stated that he is fortunate in having skilled and
qualified personnel to perform bending and other fabrication
processes. )

D.18.3 '~ HOT-BENDING PROCESS )
Crippen's hot-bending capabilities are described in
the brochure. Mr. Crippen stated that he has not issued any
licenses for use of this process by other companies, but that
he would pursue the subject with anyone who was interested.

Relative to the process described in the brochure,-
it should be noted that thin-walled pipe is packed wWith sand
prior to bending. Also, hot bending is done entirely within
a specified temperature-range for the material involved and
with a special bending jig so. as to assure retention of

. roundness, the mechanical/chemical properties of the

material, and an absence of wrinkles, bpékles, and other"
defects in the finished product.- . . )
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As noted in the brochure, Crippen is also capable
of perform ng other phases of pipe fabrication, such as
wel ding or brazing of fittings, cleaning, and testing.
Fabrication is acconplished in accordance W th the customer’s
drawi ngs and related docunents.

D.18.4  ACKNOW EDGEMENTS

W wish to thank M. H Crippen for his time and
effort spent in providing us with..a tour of his facilities.



Building 269, Brooklyn Navy
Brooklyn, New York °
Telgphone 212-858

- L - . T —

'-Crlppen Pipe Fabrlcatlon Corporatlon is a newly LT e .
established minority .company prlmarlly concerned w;th B
the bending and welding of fabricated pipe assemblles '

to the most exacting specifications. .- ’

The Crippen Patented Hot Pipe Bending Apparatus quickly
produces pipe bends that meet the increasingly critical
criteria for bends, minimizing thlnnlng, flattening, and
wrinkling. '
Welding and other operations are carried out by

experienced craftsmen +trained to the most exacting .
requirements. .

We are interested in pipe fabrication 2% pipe size and
larger in carbon, alloy, and stainless steel. We have
virtually no limitation in size or weight for fabrication -
since our building is equipped with 20 ton bridges cranes
which have forty-two(42) feet under the hook. We are
"presently limited to 36" 0.D. pipe bends due the sizes

of our furnaces for heating the pipe prior to bending.

We are not limited in the wall thickness we can handle

for either fabrlcatlon or bendlng. ’

We hold ASME Certificates of Authorization to.perform all.
types fabrication required for Power Boilers, Unfired-
Pressure Vessels, and Pressure Piping. ‘'All our welders
are qualified in accordance with the requirement of the -
ASME Boiler and Pressure Codes and we have qualified

-
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CRIPPEN PIPE FABRICATION CORPORATION - ) . . —
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procedures for heavy-wall welding (up to 6" thickness) of
Carbon Steel, Chrome Moly Steel, Stainless Steel, Incoloy,
Aluninum and Copper-Nickel Alloys. We have completed
projects requiring U.S. Navy and U.S. Coast Guard .
specification and inspection.

The following companies -are some of those to whom we have

‘supplied fabricated piping assemblies of various complexities,

materials and codes:

-ALLEGHENY POWER SERVICE _ _ . ‘
o ALLIS CHALMERS -~ ° . :.0- "  .& o LT
- AMOCO T -
) BURMAE OIL - .. - =7 R S
CONSOLIDATED EDISON LT
DUPONT :
GETTY OIL
LONG ISIAND LIGHTING
MOBIL OIL
NEWPORT NEWS SHIPBUILDING
PETRO~-CHEM DEVELOPMENT
RILEY STOKER
SEATRAIN SHIPBUILDING
UNION CAMP _
EXXON, U.S.A. ! .
GENERAL ELECTRIC COMPANY - o
- COMBUSTION ENGINEERS, INC. )
> INDUSTRIAL PROCESS ENGINEERING, INC.

Materials for which we have quélified welding procedures and

welders in accordance with ASME Section IX are:

CARBON STEEL

CHROME MOLY STEEL

STAINLESS STEEL

INCOLLOY .

ALUMINUM - ’ .
s COPPER NICKEL

We have fabricated to the following codes .and standards:-

U.S. COAST GUARD
U.S. NMavYy (Mil Standards)
AOP.I.
A.S.M

Varlous A N.S.I.
D-52



CRIPPEN PIPE FABRICATION CORPORATION

Qur authorized inspection agency is Hartford Steam Boil er
I nsurance and | nspection Conpany.

We have both |ocal and national collective bargaining
agreenent with the United Association of Steanfitters and
Pl umbers and can affix the union |abel whenever required.

May we further nention. that we are able.to ship conpl eted.

pi pi ng assenblies anywhere in we world as we_have both

rail sidings |leading into our plant and a deep water berth

at the rear of our plant. We-have recently completed ant
shi pped Chrone-Mly Steel Piping Assenblies to Pertam na

in Indonesia; Pre-purifier Skid Assenblies to Norway and

Turkey; and offshore piping assenblies to the-Bahanas.

We are in a position to accept orders imrediately and woul d
wel come the opportunity to service your conpany.

This is an invitation to visit, a welcone, and a guide to
the Crippen Plant, which is located in the former Brooklyn
Navy Yard, as well as a list of facilities available.

( president
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LIST OF FACILITIES

MANUFACTURING PLANT

Production Buildingeecececcceccccoccces 25,000 Square Feet

Inspection and Storage Buildinge...... 30,000 Square Feet
Furnace BuildinNgeecececcccccccscescccocsce 1,500 Square Feet
Service Building...........7.......... 10,000 Square Feet

-

INSPECTION BUILDING (- No.' 268 )y =

- oﬁe:Maln.Inspectlon and-Storage Building served by

o
!

1 -

Varidus Jib Cranes with Electrical Hoists .
K & E Transit '
Radiograph Cell

Dark Room with Complete Facmlltles
Ultrasonic Tester - Krautkraemer Model D
Magnaflux Inspection Equipment Model P90
Dye Penetrant Inspection Equipment
Hydrostatic Testing Equipment

Vacuum Testing Equipment

Railroad Siding into Inspection Building

PRODUCTION BUILDING ( No. 269 )

One Main Production Building served by

NN

N

20 Ton Capacity Bridge Cranes

5 Ton Capacity - 35' Reach Jib Cranes with Electrlcal Hoists.
Various 2 and 3 Ton Capacity Jib Cranes with Electrical Hoists
3% Ton Capacity Fork Lift .
4% Ton Capacity Fork Lift
10 Ton Capacity Mobil Hydraulic Crane
Railroad Siding into Production Building

FURNACE BUILDING. ( No. 71 )

One Car Type Furnace served by

1 -~
5 S
1 -~
1 -

5 Ton Capacity — 22' Reach Jib Crane with Electrlcal Homsts
Quench Tank - .

Mobil Weather Protection Shed

Railroad Siding to Furnace Building
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CUTTING

)

BENDING
1 -

-— - l -.
. 12'29" Long, 4'-0" Wide, 4'=0" High *

1 -
' l'._

FITTING
O -
19

{

(EEVENEN

-Sand Tower with Vibrators

. CRIPPEN’ PIPE FABRICATION CORPORATION

EQUIPMENT

AREA

Pipe Cutting Table - Gas Torch

Portable Pipe Cutoff Machine - Gas Torch
Neck and Miter Cut Attachment

Wallace 3400 Abrasive Cut Machine
Armstrong-Blum Model 8/M2 Marvel Band Saw
Electric Arc Cutting Equipment

AREA .

Gas Fired Bendlng Furnace with Fully Automated Controls

Patented Hot Pipe’ Bending Apparatus
Wallace Model 500-6 5/8 Cold Bender

AND WEIDING ARE2Z

Leveling and Layout Tables

Welding Machines:

Automatic and Semi-Auvtomatic Submerged Arc,
MIG, TIG, Flux Cored, and Manual Metal Arc Equlpment
Aronson Model HD 60 Positioners

Ransome Model 40 Positioners

Pandjiris Model 15.4 Positioner

Ransome Turning Rolls Set Model SA 15 PR

MACHINING AREA

I

3
4
2
1
1

Vertical Drill Press

Lathes - 1 Hollow Spindle Turret, 1 Turret, 1 Standard
Pedestal Grinders

Rotating Head Beveling Machines (Portable)

Pipe Bevel Grinder

B & D Model 741 Magnetic Drill Press

HEAT TREATING AREA

1 -

l-

1 -

Gas Fired ‘Furnace - Car Type with Fully Automated Controls
28'~0" Long, 12'-0" Wide, 12'-0" High *

Gas Fired Heat Treatment Furnace with Fully Automated Controls
10'-0" Long, 3'-0" wWide, 3'-0" High *

160 KVA ILlectric Arc Model CGSF-10

Induction Stress Relieving Unit with Fully Automated Controls .

FINISHING AREA - - ' -
1l - Sanstorm Model FPR Grit Blastlng Unit

1l -~ Distilled Water Tank & Demineralizer
Painting Equipment

* Inside Heating Chamber -Dimensions
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!PPE J PIPE FABRICATION CORPORATION

SPECI AL_BENDI NG CAPABI LI TI ES

It is expected that nany piping configurations which are not
practical or economcal with current hot bending nethods can
be produced economcally with the Crippen hot bending apparatus.
Crippen Pipe Fabrication Corporation sales engineers wll work
with the client’s engineers and designers to insure that maxi-
mum advantage is taken of these econom c features.

CREDI T, the nanme of the patented hot bending apparatus invented
by M. Crippen, produces winkle-free, full-area bends at a high
production rate maintaining close tolerances. In addition to
this capability, CREDI T enables the hot bender to bend-form 4,

5 and 6-bend conpound pieces without a butt weld. A conpound
piece is defined as an assenbly contai ning bends in nore than
one-plane.’ Current industry bending equipment. and nethods usually
require-that-these- conpound pieces be assenbled.from a series of
singl e bends wel ded together. .-

Addi tional features of CREDI T which can provide the basis of
customer design econom es are:

a) CREDIT permts pipe to be bent in a continuous arc of
up to 360 degrees wthout a weld.

b) CREDIT permts the nost conplicated conpound bends to
be bend-formed with zero tangents (no straight section) between
bends.

c) CREDIT offers safety for alloy pipe bending because of
the rapid procedure which enables the bending to be finished
while the heated pipe is at the proper hot bending tenperature.
For exanple, it will permt a 90-degree bend to be formed in a
12" diameter pipe in less than 3 m nutes.

d) The precision accuracy of CREDIT wll enable pipe to be,
bent after other fittings or attachnents have been welded to the
sections outside of the bend area.

e) CREDIT will enable conpounds to be bend-forned an as
many as three (3) different radii

The exanples cited are only a few of the features of CREDIT.
CREDI T provides nore than a dozen features that are not practi-
cal. with conventional hot pipe bending equi pment.

The draw ngs included in this brochure show4, 5 and 6-bend com
pound pieces which can be forned without intermediate butt welds
using CREDIT. These pieces require nultiple-rotation, Zero
tangent and both cl ockwi se and counter-cl ockw se bendi ng.

D- 56
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TT"SECTION D.19
FACILITY SURVEY DOCUMENTATION
_ (DOMESTIC)
COSMODYNE CORPORATION

D.19.1 INTRODUCTION

A tour of Cosmodyne Corporation, located in
Torrence, California, was conducted on February 2, 1976 for
the purpose of collecting data on cryogenic pipe fabrication.
A summary of findings is provided in the following paragraphs.

jD.lé.2 ) FACIEITIES EQUIPMENT, AND PERSONNEL

S—

. — .. Cosmodyne spec1allzes in “the fabrlcatlon of cryo-
- genic piplng._ Facilities,. equlpment’“and personnel ‘are’ all-
geared-to, this spec;alty. At the time of the tour they were
fabricating and testing Schedule IO0. stainless steel. piping
assemblies for use on the ING vessels under construction at
Newport News Shipbuilding.

Facilities include several large-production
buildings, and outdoor fabrication and storage areas. The-
main office, located next to the production areas, houses
the administrative, design, and engineering staffs.

Equipment includes the usual array of standard
pipe fabrication machinery and a number of specialized items.
For end-preparation and saddle cuts, a Thermal Arc Pac 22E
plasma-arc unit is used. A rotary jig, to which a hand-
grinder is attached, is used for grinding bevels. Manual
TIG welding is used. . .

2Amdng the specialized items observed is a custom-
made hydraulically-operated, spring-loaded pipe expander,
which is. used both to align joints and -to correct mating
pipe sections for excessive ovality. A self-propelled plpe
expander, developed primarily for the petro-chemn.cal :
industry, is also used to align and expand pipe. This
device. is especially useful wher the joint to be welded is -
inaccessible from the inside. The device rents for $1500
per month; this fee includes a =pare unit which is always
provided by the vendor. . . - )

Also noted was the use of a bellows device with a
plastic insert which is used as a purge dam, and the use of
custom made jigs to support large-diameter plpe.

N-A0 . - Lo



D.19.3 - ACKNOWLEDGEMENTS

For their kind assistance in providing us with a
tour of Cosmpdyne Corporation, we wish t© thank the
foll owi ng people:

N. Tonjes - Contract Adm nistrator
R. Denzel - Manager, Project Devel opnent
F. J. Gillo - Shop Supervisor

D-61



SECTION D.20
FACILITY SURVEY DOCUMENTATION

(DOMESTIC) -

TELEDYNE PINES

D.20.1 INTRODUCTION

A tour of Teledyne Pines, located in Aurora,
T1linois, was conducted on January 26, 1976 for the purpose
of collecting data on the state-of-the-art in pipe fabri-
cation equipment. At the time of this writing, commercial
brochures had not yet been received, so that no detailed
information on thelr product line could be given. However,
‘a brief summary of flndlngs is provmded in the follow1ng
5paragraphs. P- . . . _ ‘ A

——

" D. 20. 2. PIPE FABRICATION EQUIPMENT"" L sl
I ‘ ,
Teledyne Plnes manufacturers a varlety of tube
and pipe benders, extrusion-benders, and specialized
fabrication equipment. Our tour of facilities indicated
that the Pines booster-bending machines at Newport News
Shipbuilding still basically represent the -state-of~the-art
in domestic pipe bending technology. The only advancement
in this area is the development of numerical-control equip-
ment for the machines. Many of the machines produced by
Pines can easily be connected to use the numerical-control
equipment. It does not appear that completely automated ’
pipe handling systems, similar to those produced by foreign
manufacturers, are planned for future production by Plnes.

D.20.3 ACKNOWLEDGEMENTS

We/wish to thank the following peopie for providing
us with an interesting and informative tour of Teledyne Pines:

R. C. Cain - Sales Engineer
J. Dornblaser - -Sales Representative
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SECTION D. 20
FACI LI TY SURVEY DOCUMENTATI ON
( DOVESTI C)
TELEDYNE Pl NES

D.20. 1 | NTRODUCTI ON

A tour of Teledyne Pines, |ocated in Aurora.
[llinois, was conducted-on January 26, 1976 for the purpose
of collecting data on the state-of-the-art in pipe fabri-
cation equipment. At the time of this witing, comercia
brochures had not yet been received, so that no detailed
information on their product line could be given. However,
a brief summary of findings is. provided-in the follow ng
par agr aphs. -

D. 20. 2 Pl PE FABRI CATI ON EQUI PMEN

Tel edyne Pines nmanufacturers a variety of tube
and pipe benders, extrusion benders, .and specialized
fabrication equipment. Qur tour of facilities indicated
that the Pines booster-bending nmachi nes at Newport News
Shi pbuilding still basically represent the state-of-the-ar
in domestic pipe bending technology. The only advancenent
inthis area is the devel opnent of numerical-control equip-
ment for the machines. Mny of the machines produced by
Pines can easily be connected to use the hunerical-control
equi pnent. It does not appear that conpletely automated
pipe handling systens, simlar to those produced by foreign
manuf acturers, are planned for future production .by Pines.

D.20.3 ACKNOWL EDGEMENTS

We wish to thank the follow ng people for providing
us with an interesting and informative tour of Tel edyne Pines:

R C. Cain - Sales Engineer
J. Dornbl aser - Sales Representative
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'SECTION D.21
FACILITY SURVEY DOCUMENTATION
(DOMESTIC) -
. CONRAC CORPORATION 5
MACHINE TOOL DIVISION ‘ x

D.21.1 INTRODUCTION

A tour of the Machine Tool Division of Conrac Corpora-
tion, located in Westminister, California, was conducted on
February 2, 1976 for the purpose of collecting data relative
to the state-of-the-art in pipe fabrication equipment. 2

summary of findings is provided in the following paragraphs.

‘Di2ks2 E FABRICATION'EQUIPMENT - s =

The Machlne Tool DlVlSlon’Sfonnrac Corporatlon
builds “tube and pipe end preparation and finishing equipment,
tube and pipe benders, Van-Stone flanging machines,-automatic
welding machines for structural beam fabrication, and wire
marking machines. During the tour a demonstration of 1-1/2 D
bending on a Conrac booster-bender, a demonstration of their
Van-Stone flanging machine, and a demonstration of an end-
preparation machine were given; data collected during the ’
tour included commercial brochure on all of their preoducts.

The Conrac Model 4EP Pipe End Preparation Machine
offers the advantages of quick set-up -and changeover tooling,
uncomplicated, easy to read controls, and consistently
squared and deburred pipe ends. The machine has a capacity
of 3/4 inches (I.P.S.) to 4 inches (I.P.S.) on Schedule 10,

.40, and 80 pipe. It will handle the following materials:

A53 and 'Al06, Grade A and B, A587, USS420, Stainless Steel,'’
300 series. An outside bevel of 37-1/2 degrees is produced.
The machine appeared to produce hlgh quality bevels quickly
and efficiently.

The demonstration of the Conrac 1-1/2D Hydraulic
Bender was most impressive. A sample bend was made and
cross-sectioned to show pipe intrados and extrados. No
defects were.noted in this sample and it was stated -that.a
maximum of 18 percent wall thlnnlng is guaranteed for these
bending Tnachines. . -
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The 8-inch (1. P.S.) capacity Conrac Van-Stone
Fl angi ng Machine was denonstrated using a 4-inch (1. P.S)
pi pe sanple. The pipe was placed in the machine and
centered. A rotating nandrel quickly upset the end of the
pipe to formthe Van-Stone flange |ip. The pipe material in
the immediate area of the cold forning operation showed no
surface defects and the quality of the finished product was
excel | ent.

D.21.3 ACKNONLEDGEMENTS
We wish to thank the follow ng people for providing
us with an interesting and informative tour of the Mchine
- Tool Division of Conrac Corporation:-

G B.Dunn - Gener al Manager
A Kuni sh. - Chi ef Engi neer
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"D.zz.z, 'THE.CAPDAC ‘PROGRAN ; L s

SECTION D.22
FACILITY SURVEY DOCUMENTATION °
. (DOMESTIC) -
NAVAL SHIP RESEARCH AND DEVELOPMENT CENTER

D.22.1 INTRODUCTION

A visit to the Naval .Ship Research and Development
Center (NSRDC) at Carderock, Maryland was made on October 17,
1975 for the purpose of obtaining information relative to
the Computer Aided Piping Design and Construction (CAPDAC)
project, presently under development at NSRDC. A summary
of the CAPDAC englneerlng analysis recently completed by

'NSRDC and a -demdnstration of computer—alded des19n capa—
~'blllt1es was glven..- : g o o -

— - -

JThe CAPDAC research program has as its-ultimate
objective the development of a comprehensive computer-based
piping design and construction system directly usable by
shipyards for both Navy and commercial-work. The CAPDAC
program is an integral part of.the Computer-Aided Ship
Design and Contruction System (caspac), which covers all
aspects of ship design and construction. The total CASDAC
program is being developed with input from both Navy and
commercial oriented industry consultants. The development
of the entire program is expected to take from eight to ten
years.

The first phase of the CAPDAC program has Jjust been

_completed and is fully described in a six-volume report which

is being sent to representatives of all the major Navy and
private shlpyards, as well as to the various design agents.
Essenitially this report is an englneerlng analysis of the
piping design and construction process in the basically
non~computerized state-of~the-art environment. The analysis
examines in detail every known aspect of present day marine
piping production and identifies the various types of’ data
involved and their sources. The report also includes the
basic plan-of-action for the development of the remalnlng

. phases of the CAPDAC program.

The CAPDAC program will allow the .user to des;gn
plplng systems within a totally computer-based environment

if desired or to select only a dasignated subsystem to handle
a specific phase of the piping design process. The total
CAPDAC data base will include a ship design file, an image -
file, a digital model,. and 'a -material  control system and
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master material files. The ship design file and the digita
model include such itens as pipe schedules, punp characteristics,
and lists of material; the inage file contains Such itens as

the graphical portions of-diagrammatic and arrangenment draw ngs,
system operational data in text format, and conposites and
overlay drawi ngs as prepared manually; the naterial control
system and master naterial files will contain up-to-date
material estimates, provide neans to performmaterial trade-

- offs, keep material inventories, provide information on make-
or-buy decisions, develop material ordering schedules, and
perform grouping functions. In addition to these capabilities
CAPDAC wi || contain the usual conputational software for per-
formng pipe sizing, stress analysis, etc.

D.22:3 COMPUTER GRAPHI CS:

To facilitate the preparation of.conposites, arrange
nent drawings, and pipe details, NSRDC is devel oping the capa
bility to arrange and digitize design configurations via com
puter graphics. Basically, the conputer graphics hardware
allows the designer to optimally arrange equi pment and piping
on a CRT termnal, to obtain hard-copy printouts-of the design,
and to digitize the design in a very sinple manner so as to
establish a data base from which other required docunments can
automatically be prepared by a central computer system The
system when operational, Wl greatly reduce the tine now
required to manual |y produce drawings and will provide a

sinple neans of setting up data bases for use by the total
CAPDAC system

D.22.4 ACKNOW._EDGEMENTS
We wish to thank M. Harry Sheridan, chairman of the

CAPDAC Advisory Committee, and his associates at NSRDC for
their valuable participation in the Task S-4 project .effort.
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|_NTRODUCT| ON

For the purpose of collecting detailed data related to
the Task S-4 Advanced Pipe Technol ogy project, four European

shi pyards have been selected for making on-site surveys. These
yards are:

1. Astilieros y Talleres Del Noroeste, S. A (ASTANO,
| ocated in ELl. Ferrol Del Cadilla, Spain

2. Italcantieri, S.P.A, located in Trieste, Italy

3.  Howal dt swer k- Deut sche Werft AG |ocated in Kiel
w . G e r m a n y

4, (Odense Steel Shipyard, Ltd., located,in.~indo

This sel ection was based on a careful study of available
literature, trip reports, and of data collected during discussions
with people famliar with many of the shipyards around the world.
Based on actual time spent at shipyards during the Task S-4 donestic
shipyard surveys, it was determned that 1-1/2 to 2 days shoul d be
spent at each yard selected. This tine frame allows us to adequately
cover two shipyards per week. Due to budgetary constraints, we
limted the total number of yards to be surveyed to four.

The probl ems associated with selecting the four “best”

¢ / yards for the purpose required us to establish a systematic process

v

of elimination, which is outlined as follows:

1. Based on available information, fifteen yards were
identified as having advanced pi pe technol ogy.

2. Fromthis field of fifteen, the four Japanese yards

were elimnated on the basis that the best of their

t echnol ogy had been acquired by two of the European
yards in the yards originally identified. O these
two, ltalcantieri-Mnfalcone appears to possess the
best overall piping technology in the entire

Medi terranean Sea area; thus, this yard was sel ected
for making an on-site survey on the basis that it
represents a mx of some of the best European. and
Japanese technol ogy.

3. Qut of the ten yards left to select from two were
elimnated on the basis that the rather small and
hi ghly speci alized ships that they produce are not
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truly representative Of the types that are currently
produced in the U S and therefore the value of
techni ques used i s sonewhat questi onabl e.

Three of the remaining eight were elimnated on the
basis that production levels are apparently slacking
off rapidly at present, due to lack of new contracts.

O the five excellent yards renaining, two were in
Spain, one was in Denmark, one in Sweden, and one in
W Germany. Based on the best available information,
ASTANO (Spain), Cdense (Denmark), and HDWKi el

(W Germany) were selected. Ihe ASTANO Yard appears
to be in the final stages of-nodernizing their pipe
shop facilities and is certai nly représentative of
the best Spanish technol ogy. The Lindo Yard of
Odense is one of the nost efficient shipyards in the

western world and is representative of the best
Scandi navi an technol ogy. Avondal e Shipyards, Inc.

has done much research in the field of piping

t echnol ogy and based on their recomendation and
information we selected HDWKiel, which from all
indications, is one of the nost efficient and versatile

shipyards in the world and is certainly representative
of the best German technol ogy.



SECTION E. 1
PROPOSED FACI LI TY SURVEY

ASTI LLERCS Y TALLERES pet NORCESTE, S.A. (ASTANO
EL FERROL DEL CADI LLA , SPAIN

1.1 BACKGROUND | NFORVATI ON

The ASTANO Yard is a major factor in Spain's present status
as the third largest producer of ships in the world. It is also
the only known Spanish yard currently capable of constructing
tankers up to 450,000 dwt. As of January 1976, the follow ng ships
were under. contract to be built at ASTANO .

Quantity —lype - Size
v Tanker (turbine ) 274,045 dwt
2 “-  Tanker (turbine) 274,075 dwt
3 Tanker (turbine) 300, 000 dwt
1 Tanker (turbine) 361, 470 dwt

From available literature it is known that ASTANO i s one
of the nost nmodern yards in Europe. Information obtained from
J. J. MMillen, Inc. indicates that the yard is in the final stages
of updating pipe shop facilities, possibly with the aid of outside
technical assistance. A representative. of this design agent stated
that ASTANO had one of the best pipe shop facilities that he had
seen.

The key to ASTANO S success is the phenonenal speed at which
they are able to build large tankers. The entire yard is geared for
flowline series production. Since only one building dock is
utilized, dock tinme nust be held to an absolute mninum to neet
schedul es. Construction tine prior to launch is said to be 3-4.
months, and final outfitting time after launch is said to be 1-2
nmonths.  Such schedul es i npose severe problens relative to out-

fitting. It is not known how ASTANO sol ves these problens, but
it is probable that-they rely heavily upon conputers for design
work (as at nost Spanish yards) and on nunerical control equipnent
for fabrication. This, however, does not account for the rapidity
at which piping installation nust precede. It is known only that
outfitting of piping systens is acconplished in nodular sub-
assenblies which are installed in hull block sections as construction
of the ship proceeds in the building dock.

ASTANO al so maintains a high-quality apprentice school and
Its graduates are reported to be anong the best trained in Europe.
Their role as skilled craftsmen in a largely nmechani zed yard is a
unknown factor in ASTANO S success.



i.2 RATIONALE FOR MAKING ON-SITE SURVEY

The primary objective in making an on-site survey of
ASTANO is to study high-volume series production techniques as
applied to ships requiring a large amount of piping (steam turbine
tankers). It is anticipated that such a study could prove useful
in determining the level of automation required at U. S. yards to
produce ships of comparable complexity at the same or lower level
of series production. Specific areas of study would be:

DESIGN
1. the extent to which "standard" ship designs are
: modlfled to suit owner preferences;

2., the use of deSLgn and materlal standards;. .“_:'f _—

3. the extent to whlch computers-af"utlllzed for detall
de51gn°

1

4, the types of documents prepared by the éesign activity:

5. methods of interference controi‘used to ensure accurate
fit-up of pre-outfitted block sections;

FABRICATION
1. the production control methods employed to avoid a
high concentration’ of outfitting work at any time
within the compressed building schedule:

. 2. the types of automated equipment used in the pipe shop;

3. the role of apprentice school trained craftsmen in a
largely automated pipe shop; . .

4.  the extent to which standard subassemblies are fabri-
cated in the shop:

5. . the role of design documents in the fabrication activity;:
INSTAL"LATION

1., the methods employed to distribute outflttlng efflc;ently
ove? the entire bulldlng process:

2. the structural and outfitting toleraﬁbes required to
ensure alignment of pre-outfitted structural block
sections;

3. shipboard weldieg techniques. -



SECTION E. 2
PROPOSED FACI LI TY SURVEY

| TALCANTI ERI S. p. A
CGENQA- SESTRI, | TALY

2.1 BACKGROUND | NFORNMATI ON

Italcantieri, S.P.A a part of Fincantieri (I.R 1. Goup)
was established in 1966 as a result of major reorgani zation in the
Italian shipbuilding industry. Italcantieri is noted for its
integration of the best design and technical capabilities available
into each of its three shipyards - Mnfalcone-(in Trieste), Genoa-
Sestri (in CGenoa), and Castellammuare di Stabia (in Trieste). It
al so-has relations-non a technical-operative |evel wth-other yards
of the Fincantieri group, which is the largest. shipbuilding and
shiprepairing enterprise. in the Mediterranean area. Italcantieri
also maintains a research center - Cetena (in Genoa), which devel ops
advanced studies in shipbuilding for Italian as well as foreign
conpani es.

The large size of the Fincantieri Goup, which has eight
construction and nine repair yards, allows the shipyards to be nore
speci al i zed. In particular, Italcantieri is oriented to the con-
struction of large series of ships, wth each of its three yards
concentrating on the construction of the types of ships which best
suit its facilities. A though standard ship designs are enphasized,
speci al i zed designs can also be handled efficiently due to the great
flexibility of Italcantieri’s organizational structure. The Mn-
falcone Yard is geared for the construction of tankers up to 350, 000
dwt in its graving dock, and the construction of other types of
ships up to 140,000 dwt on its slipway. The Genoa-Sestri Yard
builds ships up to 140,000 dwt in each of its three. graving docks.
The Castellammare Yard builds ships up to 50,000 dwt on each of its
two slipways. As of. January 1976, the follow ng ships were under
construction at these yards:

Monf al cone Yard (Trieste)

Quantity Type Size
5 Tanker (notor) - 253,000 dw
4 : Tanker (turbine)- -140,000 dw



Cenoa - Sestri Yard (Genoa)

Quantity Type Si ze
3 Container S-hip (turbine) 23, 560 dwt
4 Bulk Carrier (turbine) 80, 300 dwt
2 Bulk Carrier (motor) 80, 500 dwt
1 Tanker (turbine) 139, 000 dwt

Castellanmare di Stabia Yard (Trieste)

Quantity Type Size
2 Product Carriers 30,100 dwt
6 Product Carriers 30, 300 dwt

As can be seen fromthis data, |Italcantieri is presently

i nvol ved-in. the design and construction of a variety of ship. type
and sizes. Al three yards are reported to have excellent out-
fitting areas and straight-flow hull building lines. Transportation
and processing sequences are largely automated and mechani zed.

Anot her inmportant characteristic (which differentiates Italcantieri
from nost shipyards) is a design and drawing office which is one

of the largest in Europe. Its establishnent has allowed inportant
progress to be made in general and detail design work, and there.
have been considerable results in drawing, material, and working
procedure standardization. ltalicantieri’s stated general policy
is:

1. to enploy advanced managerial techniques |eading to
more modern nmanagement;

2. to better the already highly qualified staff;

3. to enploy design nethods, able to reach-the best
technical as well as economc¢ results;

4. to enploy working methods for the productivity of
exi sting plants.

Wth respect to outfitting, advanced-organizational
techniques are reported to be enployed in order to increase
production and to better productivity and the quality of the
work.  These techniques are:

1. execution of prefabrication of the hull along
speci alized Iines;

2. extending the autonation of machine working by neans of
nodern- nunerical control machines for oxy-cutting and
wor ki ng tubes;



i

3. enploynent of automatic wel ding nachines:

4, adoption of the nost technically advanced wel di ng
processes;

5. the increasingly advanced outfitting of prefabricated
bl ocks, wth extended standardi zati on and use of
packages;

6. recourse to the pre-erection of ships to obtain the
earliest conpletion dates.

One of the nost significant technical innovations at Italcanti
is the use of IH's unit assenbly method of ship construction. at the
Monf al cone and Castell amare Yards. Unit: assenbling of fittings is
a method by which a large variety of equipment and, fittings, inclu
pi pes and valves, is first assenbled into units in the workshop a
assenbly yard and then installed in a ship under construction. It.
greatly inproves working efficiency and consequently shortens the
construction period of a ship, as compared with the usual outfitting
met hod by which equipnent and fittings are installed onboard
singly piece by piece. Adoption of this nethod is said to inprove
wor ki ng accuracy and safety in shipbuilding. This nmethod was fir
devel oped by IH some 16 years ago and has since been adopted for
ship construction at all IH shipyards, the shipbuilding process
and wor kshop | ayout of which were especially rearranged for the
purpose, with successful results.

Anot her significant technical innovation at Italcantieri is
the recent acquisition of the IH autonated pipe processing system
and specialized pipe processing equipment manufactured by the
German firm, Oxytechnik. This sophisticated equi pment provides for
the conpletely automated processing of stock pipe and fittings into

finished pipe sections ready for installation. Available information
does not indicate whether or not IH's Conversational Analyzer and
Drafting System (CADS) has al so been acquired to support the pipe
handling system

2.2 RATI ONALE FOR MAKI NG ON-SI TE SURVEY

The background information provi ded above indicates that
an on-site survey of the Italcantieri Mnfalcone yard should provide
much val uable data related to the Task S-4, Advanced Pipe Technol ogy
project. In particular, it is anticipated that such a survey woul
provide information on the following specific itens:



DESI GN

1. the advanced net hods of preparing design documents
required to support the highly automated and divers i-
fied production facilities;

2. the extensive use of design and material standards in
preparing design docunents;

3. the nethods of interference control used;

4, conputer applications to piping design (IH s CADS
i f used);

FABRI CATI ON
1. the. use of the design, docunents during fabrication

2. the use of the IH system of unit assenbly with resg
to outfitting;

3. the operational aspects of the IH automated pipe
handl i ng system for diversified ship. construction

4.  the operational aspects of the Oxytechnic equi pment.
| NSTALLATI ON

1. the structural tolerances required to ensure accuracy
in outfitting nodul ar subassenblies;

2. the nethods of production control required to ensure
efficient outfitting of nodul ar subassenblies on a
rom#I)ne basi s.

It should also be noted that because of Italcantieri's”
highly technically oriented organi zation and col | aboration wth
IH, their piping related technology is probably anong’ the nost

advanced the world.



SECTION E. 3

PROPCSED FACI LI TY SURVEY

HOMLDTSWERK- DEUTSCHE WERFT AG ( HDW
KIEL, W GERMANY

3.1 BA ND | NFORVATI

Al available information indicates that' the Kiel Yard of
HDW can def | niteIK be categorized as one of the front running yards
in Europe. They have been building ships of various types and sizes
for 125 years. Asof January. 1976, the follow ng ships were under

contract t o-be bui It by HDW:
Quantity _ Size
1 Tanker  (turbine) 138,850 dwt
4 Tanker (turbine) 239,800 dwt
1 Product Carrier - 136,000 4wt
3 Bul k Carrier 36, 000 dwt
2 LNG 67,000 dwt
1 Cont ai ner Ship 40,000 dwt
3 Cont ai ner Ship 11, 600 dw

HDWKiel is one of the Iargest shi pbui | di ng yards on the
Eur opean continent and appears to be growing in both capacity and
efficiency. Their capacity has been considerably increased wth.
the aid of extensive investnments through which essentially all
facilities have been nodernized or upgraded and nany new ones have
been added. Among the nmany innovations in the pipe technology area
is the acquisition of autonated pipe flange wel di ng equi prent and

“a conplete processing line for large pipes (which includes a cutting
station, transport equi pment, shape cutting machine, and pipe flange
wel ding equipnent). This specialized equipnent is nmarketed by the
CGerman manufacturer, Oxytechnik.

Qutfitting of the large tankers is currently approximtely
70 percent conplete at launch. Overboard outfitting and testing of
the large tankers is. carried out in this yard, where spacious berthst
anpl e support equipnent, cranes, etc. and outfitting shops are pro-
vi ded. HDWKi el appears. to be heading in the direction of out-
fitting structural sub-assenblies making up the hull of the shi
prior to erection. Deckhouses are al nost conpletely Pre-outfitte
now-, including the finished joiner work, much electrical work. and
all hardware itens.



Intricate planning of outfitting in Lhe machinery spaces is
currently considered the nost !Mmportant factor in their outfitting
pl anni ng program They are using scale nodels extensively for this
program Information gained fromwe nodels allows design fouls to
be cleared before-the-fact. Color photographs are taken of the
sectional i zed model and each picturg |'s dated, indicating schedul ed
conpl etion of that block of work. | ans are to extend the current

anount of outfitting being installed on sub-assenblies through use
of the scale nodel planning concept.

Manpower appears to be a continuing problem at HDWKi el
mich the same as with many U S Yards. 'hi'S problemis being

overcone to some extent through a program of recruiting and training
foreign labor. However, HDW believes the real solution is_conpre-

hensi ve planning. on unintegrated basis |and organi zi g get
maxi mum performance fromthe manpower they. have. Tor' dd ‘tHi's they
group work by area or section rather than by system and extend a
single supervisor's responsibility and authority to acconplish
functions within a specific area on Schedule and within a firm budget.
They are obviously making great strides in th!s di rection, since
they are turning out inpressive tonnages of mxed products wth
relatively few people.

3.2 RATI ONALE FOR MAKI NG ON-SI TE SURVEY

O the four yards selected for making on-site surveys,

HDWKi el is currently building the greatest mx of ship types and
sizes. Since nost U.S. shipyards are also geared for the producti.on

of several ship types, it is anticipated that pipe technology methods
studied at HDWwoul d be nost Practical for donestic applications.
In particular, the following Items wuld be studied:

DESI GN

1. the use of scale nodel design techniques in a short
lead tinme environnent:

2. the types of design documents prepared for the
fabrication and installation activities;

3. the use of design and naterial standards to facilitate
nmass production techniques;

4. the use of conputers and special drafting techniques
in design:

FABRI CATI ON

1. the use of design documents in the fabrication process:

F_1Nn



the types and capacities of automated pPipe fabrication
equipment;

the extent and methods of -prefabrication;

the production control system used to handle the

great variety of pipe types and sizes:

INSTALLATION

methods of maintaining efficient outfitting throughout
the steel fabrication process;

structural tolerances required to ensure accurate
fit-up of pre-outfitted subassemblies.



SECTI ON E. 4

PROPOSED FACI LI TY SURVEY

CDENSE STEEL SHI PYARD, LTD.
LI NDO, DENVARK

4.1 BACKGROUND | NFORIVATI ON

The Lindo Yard of Qdense Steel Shipyard, Ltd. is one of the
| argest producers of tankers in Europe and one of the largest pro-
ducers of ships froma single yard in the western world. As of
January 1976, the fol | owing ships Were under contract to be built
at Lindo: P w e _ ——

Quanti ty R T e
Suppl y. Vessel s Un k n o wn
2 Flat Top Barges 10, 000 dwt
6 Bulk/ Q| Carriers 65, 000 dwt
5 Tur bi ne Tankers 310, 000 dwt
4 Tur bi ne Tankers 330, 000 dw

The Lindo Yard is capable of building ships up to a size of
650.000 dwt. The ol der Cdense Yard no | onger produces conplete

shi ps but does supply the Lindo Yard with structural subassenblies.

Construction methods at the Lindo yard are reported to be
anong the nost advanced in the world, and have resulted in pro-
duction times for ULCC S from keel laying to departure of 70-75
working days. The principal key in this acconplishment has been
that while it has previously been normal shipbuilding practice to
di stingui sh between steel work and outfitting work, Lindo has
evol ved a system which regards every part of the ship as an
integrated unit consisting of both steel world and outfitting work..
This principle has determ ned not onl% the layout of the yard but
al so the methods of working. . Hgh labor costs and a very_ tight
| abor situation have also contributed to the devel opment of specia
production techniques. . It should be noted also that Gdense has
made considerable efforts to-achieve the best possible |abor.
relations at all levels, and that excellent training facilities are
significant features of the whole Lindo operation.

Ship construction at Lindo differs from many other tanker
bui l ding yards in that hull sections are produced on a |ongitudinal
basi s rather than transverse bl ock sections. This technique
natural |y affects the methods of outfitting used. The basic con-

cept for the Lindo yard has been. the flowline philosophy, coupled
with much pre-outfitting. Qutfitting is spread out over 'the entire

bui | di ng process and hence over the entire assenbly area to meet the

[ 1 te]



requirenents of pre-outfitting at the earliest possible tine.
smal |l units consisting of only two or three outfitting conponents
are first joined up to formlarger machinery units and are finally
united into heavy and conplex platform and engine room units. A
speci alized shop is used for pre-outfitting of the engine room

bl ocks. Application of this concept has made it possible to avoid
or greatly reduce the unfavorable concentration of work during fina
outfitting, and, in turn, has made possible a considerabl e-reduction
in total building tinme.

To support this system of construction, a nunerical control
system has been devel oped for ﬁipe_layout, which is used in con-
junction with scale nodels. The Lindo Yard has nade a specialty of
scal e--nodel techniques for main nachinery and auxiliary machinery. --

di sposition and has successfully devel oped, a nunerical control prc
gram which, when used with the nodels, rapidly provides all the data
required for the connecting pipework even as far as specifying. sizes
and quantities required for this previously time-consum ng and high
conpl ex worKk.

Machi nery room | ayouts are extensively studied bg means of
the large color-coded nodels. Measurenents from nodels becone the

I nput for Lindo's pipe sketch and control program which is regarded
as an inmportant tool in cutting down outfitting time. Cther spaces,
such as boiler roons and shaft alleys, are also portrayed in nodel
form Mddels are made to a scale of 1:20 and include equi pment,
ventilation, wireways, and piping down to one inch in dianeter.

The nodel s are made by skilled personnel using system di agrans,

machi nery location plans, and design sketches: Piping system
isonetric plans are then nmade from the nodel. Mdels are also

nmoved to the construction area for use by the foremen. Estimated
cost for a set of models is approximately $80, 000, which Lindo feels
is justified when nore than two ships, of a class are to be built.

For one or two ships, conventional design nethods are apparently
utilized.

4.2. RATI ONALE FOR PROPOSED ON-SI TE SURVEY

Al though Lindo utilizes basically the sane flowline con-
cept as used by several European yards, such as Kockuns, to pro-
duce simlar types of ships, there are many techni ques of the

Lindo Yard which are rather unique in shipbuilding especially with
respect to outfitting.- It is probable that many of these techniques.

could be applied to U S. shipbuilding and should therefore be
covered in the Task S-4 study.ln particular, it is anticipated
that an on-site survey would yield information on the follow ng
items:

E- 13



DESI GN

1 the econonic tradeoffs of using nodels versus nore
conventional nethods of design

» the conditions required for efficient nodel producti.on,
such as lead time, and the types of documents required
to produce the nodels;

3. the methods of preparing the nodels fromthe design
docunents and the level of accuracy naintained;

4, the types of design docunents produced from nod
and how they are wused for fabrication;

5 the extent to Which mat eri al and design. stand
are used:

F A B R I C A T I O N

1. the production control techniques used to_integrate
outfitting with the various stages of steel fabrication

2. the use of the design docunents and nodel s during
fabrication:

3. the types of pipe shop equipment utilized, and the |evel
of automation required for the flowline process;

the special fabrication techni ques used to outfit
structural subassetilies with a high degree of accuracy;

| NSTALLATI ON

1. the techniques used to ensure grecise al i gnent of
pre-outfitted systens during final fit-up of “structural
subassemblies in the building dock

2. shipboard welding techniques.

E- 14-



SECTION E .5
Pl PI NG FABRI CATI ON EQUI PNENT VENDORS
(FOREl Q\)

E 51 | NTRODUCTI ON

The following paragraphs identifr Zz=~ major foreign
vendors which are actively narketing some of the nost. advanced
pi ping fabrication equipnment in the world. Although.only
vendor data and a few trade publication articles were avail -

able on this equipnent at the time of this »=<=izg, it is
anticipated that on-site observation of some of this equi p-

ment during the proposed Task -5-4 Foreign T=zilIcy Survey"

woul d. provide additional information for evaluation by domestic
S h i P b u | I d e r S

E.5. 2 Ml TSUI - AUTOMATED PIPE SHOP ( MAPS) SYST

The MAPS system represents an integrate approach
to pipe fabrication. The nunerically-controlled system
automatically selects pipe from a storage cesssz=zzTte, CULS t he
pipe to length and fits flanges, welds the flanges, and bends
the pipe with flanges attached to the required design Con
figuration.

A detailed description of this srsz== «will be pro-
vialed in the Final Report (Final Draft).

E.5.3 I H Pl PE PROCESSI NG SYSTEM

The IH Pipe Processing System iz =Z=cst identical
to the MAPS system The same flow process and types of
equi pnent are utilized. The only major differennce appears
to be in the methods of making inputs to the system | HI
has devel oped a Computer Aided Drafting System CADS) which
greatly facilitates the design input process.

A detailed description of this systemwl| be
provided in the Final Report (Final Draft]

E.5. 4 H CASS-P (H TACH ZOSEN S COWPUTER- Al DED
SHIPBUILDING SYSTEM - PIPING SUZ s zT="
The Hicass-P system is one of tZs =:=suvstems of
HCASS , an integrated data processing system devel oped by
Hitachi Zosen for its own shipbuilding P.Qv====- The sub-
system can store in its data base all information concerning

E - 1 5
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ship piping, from preliminary design to production and

. installation stages, and provide as required useful data

(including drawings and administrative information) for
different stages of work.

A detailed description of this system will be
provided in the Final Report (Final Draft).

E.5.5 OXYTECHNIK PIPING FABRICATION EQUIPMENT

oxytechnik fabrication equipment is marketed by a
German firm and is widely used throughout Western Europe.
A llstlng of this equipment is provided on the following
pages. A more detalled description_ Wlll be provxded in the
Final Report (Flnal Draft).. -



REFERENZEN
REFERENCES

Kunde . Art der Einrichtung
Customer ‘ Type of Equipment
HOECHST AG, _
Ffm.-Hochst / BRD 2
MAN,
Hamburg / BRD _ . 1 _

| STEINMULLER, -~ - o — o
'Gummersbach / BRD- L o 1 S
BAYER AG, ,'f'"'“'"' ST
Dormagen ./ BRD _ o 2, 5 .

_ BAYER AG, v ~ -
Leverkusen / BRD 3, 5
Cantiere Navale Breda,
Venedig / Italien , 3 ;
HDW, ) -
Kiel / BRD 4, 6

" STORD-VERFT A/S,
Stord / Norwegen 3, 5, 6
DUBIGEON-NORMANDIE S.A., :
Nantes / Frankreich _ 4, 5
ODENSE~-Staalskibsvaerft,
Odense / Dinemark o . 3, 6
KOCKUMS AB, : -
Malmé /- Schweden : _ 3, 5, 6
ITALCANTIERT, o .
Triest / Italien ' o ' 3,4, 5, 6
NOBISKRUG, : : '
Rendsburg / BRD 4
RHEINSTAHL NORDSEEWERKE THYSSEN AG, - . : . )
Emden / BRD " 3: 4’ 5~ ‘



Kunde Art der Einrichtung

Cust oner Type of Equi pnent
RAUMA- REPOLA, _
Rauma \ Finnl and 3, 5

GEBRUDER LUDI GE :
MASCH NENBAU- GESELLSCHAFT MBH,
Pader born / BRD 7 -
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‘:Bﬁttajéint welding of ‘pipes, "
" MIG/MAG- or TIG-welding process

B

, e .
Art der Einrichtung -
Type of Equipment

—

1 .

.Rohréﬁumpfschweiﬁmaséhiné”HIG/;w

':MAGflund.NIG;Scpweinpozgg

—

2

SchweiBmaéchine zum AnschweiBen
von VorschweiBiflanschen, MIG/MAG-
WIG- oder PLASMA-SchweiBprozef

Neck weld flange welding machine,
MIG/MAG-, TIG- or PLASMA-welding
process .

3

' RochrflanschschweiBmaschine, NW

25 - 250 (max. 500) zum halb-
oder vollautomatischen Anschwei-
Ben von Ubersteckflanschen;
Flanschzufuhr manuell oder ma-
schinell

Pipe flange welding machine, NB
1" - 10" (max. 20"), slip-on
flange, semi- and. fully automated

with or without automatic flange
FanAirne . : :



- [, s e e ma - T R T YR I, e et et A Am g r——— =

Art der Einrichtuné
Type of Equipment

‘ P L
[idefCtrrmpmraigp Sl et Sdiiad

¥

RohrflanschschweiBeinrichtung
fiir alle Flanschtypen und Werk-
stoffe, NW 40 - 800 mm. -  __
Pipe flange welding .equipment-
-3 for dll types.of flanges and -
d materials, NB 1 3/4" - 32"

5 . —

Komplettes Rohrverarbeitungs-

system einscnlieBlich z.B. Rohr
lager, Ablangstation, Transport
einrichtungen, Innen-~ und AuBen

P

B e e T Ty
- -, . H "

L his N =1 reinigung der Rohre, automatisc!
et PPN SO TSR N s RohrflanschschweiBung etec., NW

T R ATy, NS - ] 25 - 250 mm (max. 500) '

Q'i Complete pipe processing system
B including i.e. pipe store,

B cutting station, transport .equi
} ] ment, internal and external

i cleaning, automatical pipe flan
b welding etec., NB 1" - 10" (max.
‘g 20") -

L - R Ut ... ..78 -GroBrohr-Verarbeitungsiirie
are= 2 5‘343““'¢*““‘”*"-:g€; i (z.B.. Abldngstation, Transport-

e e DA (7 e et o e :

— "$ﬁ,jé%f-f 5??;. - L. ~rI=L  elnrichtungen, Konturenbrenn-
e g;?’<:gﬁ; #2770 77 T8y schneidmaschine, Rohrflansch-
el . ' =0 S~ 77 .; =% schweifeinrichtung)

: _ . :%3;.. [ SR /\~ﬂﬂ-;$j Processing line for big pipes

.- - e - . . - . L . o~ .
~—— Tt D Ty e (i.e: cutting station, transpor
o ;F;m"§1i> adﬁi' T ,._uh;:”fj_equlpment, shape ‘cutting machin



- Art der Einrichtung
' -Type of Equipment

(f .
VACUSPANN-Einrichtung zum
einseitigen Spannen von platten-

formigen Werkstiicken mit UP-
SchweiBeinrichtung

VACUSPANN-equlpment for one-side
clamping of plates and submerged
arc weldlng machine .

r"IIA
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